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OCCIDENTAL OF ELK HILLS, INC.
TULARE AQUIFER EXEMPTION DOCUMENT
ELK HILLS FIELD

EXECUTIVE SUMMARY

As stated in Section 3106 of Article 2 in Chapter 1 of Division 3 of the State of California Public
Resources Code, the Supervisor of the Division of Oil, Gas and Geothermal Resources (DOGGR)
1s directed to administer the DOGGR so as to encourage the wise development of oil and gas
resources to best meet oil and gas needs in this state. Injection of produced water is a necessary
part of the development of these resources. To allow for continued oilfield development of the
Elk Hills field, Occidental of El k Hills, Inc., (OEHI) is providing documentation for the aquifer
exemption of the Tulare Formation. The project area, referred to in this document as the Elk Hills
Tulare aquifer exemption area , is shown in light green area on the following map . The Tulare
aquifer exemption is for the purpose of continuing Class II! Underground Injection Control (UIC)
operations in the Elk Hills field The Tulare aquifer exemption interval includes all ofthe saturated
upper Tulare zone and both the unsaturated and saturated lower Tulare zone below the Amnicola
claystone confining zone. The Tulare Formation is already an exempt aquifer in all or portions of
the surrounding fields, as shown on the following map.
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Map of the Elk Hills Tulare Aquifer Exemption Area and Tulare Exemptions in Nearby Fields

! As defined on the DOGGR home page, Class 11 UIC wells inject fluids associated with oil and natural gas production
operations. Most of the injected fluid is brine that is produced when oil and gas are extracted from the earth. Cla Il
UIC wells also inject fluids for enhanced oil recovery or storage of liquid hydrocarbons.
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Based on 40 Code of Federal Regulations (CFR) §146.4, the Tulare aquifer exemption is justified
on the following grounds (checked if applicable to OEHI):

N a) It does not currently serve as a source of drinking water, and
N b) It cannot now and will not in the future serve as a source of drinking water because:

N (1) It is hydrocarbon-producing or can be demonstrated by the permit applicant as part of
a permit application for a Class II operation to contain minerals or hydrocarbons that
considering their quantity and location are expected to be commercially producible.

(2) It 1s situated at a depth or location which makes recovery of water for drinking water
purposes economically or technologically impractical;

\ (3) It is so contaminated that it would be economical ly or technologically impractical to
render that water fit for human consumption; or

(4) It is located over a Class III well mining area subject to subsidence or catastrophic
collapse; or

~_¢) The total dissolved solids (TDS) content of the groundwater is more than 3,000 and less
than 10,000 milligra ms/liter (mg/1) and it is not reasonably expected to supply a public water
system.

The Tulare aquifer exemption area originally consisted of 72.4 square miles, or about 99% of the
Elk Hills field. After meetings and discussions between OEHI, San Joaquin Energy Consultants
(SJEC), and representatives from the West Kern Water District (WKWD), the Kern County Water
Agency (KCWA), and the Kern Water Bank Authority (KWBA), the northeastern flank area of
the Elk H 1lls field was excluded from the Tulare aquifer exemption area. The Tulare aquifer
exemption area currently consists of about 59.0 square miles, or about 80% of the Elk Hills field.

The following reasons support an aquifer exemption of the Tulare Formation within the area of
review, which is defined as the 59.0-square mile Elk Hills Tulare aquifer exemption area plus a
buffer zone with a fixed distance of 0.25 mile.

1. The WKWD, the local waterprovider in the area, has declared that the Tulare Formation within
the Elk Hills aquifer exemption area does not currently serve as a source of drinking water and
will not reasonably be expected to supply a public water system.

2. The Tulare Formation in the Elk Hills field was referred to and treated as an exempt aquifer
by the U.S. Environmental Protect ion Agency (EPA) when it authorized Class I? non-
hazardous injection in two Tulare disposal wells for Elk Hills Power, LLC, under UIC Permit
#CA200002. In addressing public comments received during the review process, the EPA
wrote that it “... had made the determination that the Tulare Formation within the Area of

2 According to the DOGGR website, Class I UIC injection wells inject hazardous and non -hazardous wastes below
the lowermost underground source of drinking water (USDW). Injection occurs into deep, isolated rock formations
that are separated from the lowermost USDW by layers of impermeable clay and rock.
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Review 1s an exempt aquifer.” The area of review for the Elk Hills Power UIC permit was in
section 18, T31S/R24E?, which has Tulare groundwater that is comparable in its poor quality
to other areas of the Elk Hills field. The original UIC permit, dated February 21, 2001, was
later modified to authorize two additional Tulare injection wells on June 3, 2004 . Nearly 35
million barrels (bbls) of industrial, nonhazardous fluids produced during the operation of the

Elk Hills Power Plant were injected into the Tulare Formation in the 18G area.

3. The Tulare Formation has been used since July 1981 for injection of produced watr. Although
this was after the DOGGR’s submittal of its 1981 Primacy Applicatiort, it was well before the
EPA granted the DOGGR primacy on September 29, 1982. In this 14  -month interim, the
Tulare Formation in the Elk Hills field was not part of any amen dment to the Primacy
Application. As a result, it was omitted as an exempt aquifer based on being a non -
hydrocarbon producing zone used for wastewater disposal.

4. A large portion of the Tulare Formation within the Elk Hills field has been regularly descrbed
and treated by the DOGGR as an exempt aquifer for Class I UIC injection. Two Class 1T
injection projects and several project expansions were approved by the DOGGR. More than
130 Tulare wastewater disposal wells have been permitted since July 1981, t hrough which
more than one billion bbls of Class II formation water have been disposed. Past and current
Class II injection operations in the project area have contributed to groundwater degradation
in the Tulare aquifer exemption area. Naturally saline produced water disposed in the Tulare
Formation has TDS concentrations in excess of 28,000 mg/1 as well as high concentrations of
iron, chloride, and boron.

5. The Tulare Formation in the Elk Hills field has produced oil since 1975 and was documented
as a March 1975 discovery in the DOGGR’s 1998 version of California Qil and Gas Fields .
Although the March 1975 discovery pre -dates the DOGGR’s 1981 Primacy Application, the
Tulare Formation in the Elk Hills field was not included as an exempt aquifer based on
hydrocarbon production when primacy was granted on September 29, 1982.

6. The Tulare aquifer exemption area is adjacent to oil fields in which all or part of this formation
has been exempted based on being used for disposal of naturally saline Class Il wastewater
and/or commercial oil and gas production. The Tulare Formation is  stratigraphically
continuous throughout the proposed aquifer exemption area and with the adjacent fields in
which it already is an exempt aquifer.

7. The Tulare Formation in the Elk Hills field  locally contains groundwater that has TDS
concentrations greater than 10,000 mg/l in intervals near its base ~ and does not meet the
definition of a protected USDW in those intervals.

8. Tulare groundwater in the Elk Hills fieldcontains a lead concentration that exceeds the primary
maximum contaminant level (MCL) for drinking water and concentrations of TDS, chloride,
and sulfate that exceed secondary MCLs.  Boron, strontium, and sodium concentrations in
Tulare groundwater are significantly 1n excess of regulatory thresholds for human health,

3 T31S/R24E =G.

* 1981 Primacy Application refers to Application for Primacy in the Regulation of Class Il Injection Wells under
Section 1425 of the Safe Water Drinking Water Act submitted to the EPA in April 1981.
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agricultural uses, and/or livestock watering . Iron concentrations are variable but also can
exceed secondary MCLs and regulatory thresholds for human health, respectively.

9. The Tulare Formation in the Elk Hills field had producible quantities of oil in the area of
section 30, T30S/R23E°. It currently has commercial gas production in the area of section 31,
T30S/R24E°, and a shut-in gas well in the 28R area. In addition, Tulare oil and gas shows
occur in a number of wells throughout the field. However, the Tulare Formation historically
has not been the main target of exploration and development in the Elk Hills field and therefore
has relatively li ttle well data to evaluate its commercial potential.  Although its current and
past production history and oil and gas shows are good indicators, commercial oil and gas
potential in the Tulare will depend on evaluation of this zone during future drilling.

10. The designated beneficial uses of groundwater within the area of review are municipal and
domestic supply (MUN)’, agricultural supply (AGR) ®, and industrial service supply (IND) °.
However, the poor quality of Tulare groundwater renders it unusable for dom estic or
agricultural usage because: its lead concentrationexceeds the California Title 22 primary MCL
for drinking water; TDS, chloride, and sulfate concentrations exceed secondary drinking water
MCLs; and boron, strontium, and sodium concentrations exceed regulatory thresholds for
human health, agricultural uses, and/or livestock watering Iron is variable but also can exceed
the secondary MCL s for drinking water  and regulatory thresholds for human health,
respectively. The occurrence of petroleum in local areas of the Elk Hills field also contributes
to Tulare groundwater degradation and adversely affects its designated beneficial uses.

11. The Tulare aquifer exemption area is located in a remote and sparsely populated area of Kern
County. Land in the Tul are aquifer exemption area is zoned as agricultural but only a small
portion of section 13G in the Elk Hills field is irrigated as farmland. The primary use of land
within the area of review is related to oilfield operations.

12. Based on water well database searches, well records review, and site reconnaissance, there are
no known water wells located within the area of review.

13. Domestic, agricultural, and industrial water in the Tulare aquifer exemption area is supplied
primarily by water from the State Water Project (SWP) via the California Aqueduct and two
WKWD well fields. According to its 1997 Groundwater Management Plan , the WKWD
believed that: 1) its watersupplies were adequate to meet peak daily demands and future needs;
and 2) despite potential shortages in SWP deliveries, it did not need to pursue additional
sources of water.

14. An evaluation of the economic feasibility of treating Tulare groundwater in the McKittrick
area for use as drinking water concluded that treating this groundwater would cost about 12 to

> T30S/R23E =R.

¢ T30S/R24E =S.

7 MUN uses of water: Community, military, or individual water supply systems including, but not limited to, drifikg
water supply.

8 AGR uses of water: Farming, horticulture, or ranching, including, but not limited to, irrigation, stock watering, or
support of vegetation for range grazing.

? IND uses of water: Industrial activities that do not depend primarily on water quality, including, but not limited to,
mining, cooling water supply, hydraulic conveyance, gravel washing, fire protection and oil well repressurization.
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70 times the current potable water treatment cost per household. The EPA criteria for
designating Tulare groundwater as  Class III '° based on economic infeasibility , were met
because the total annual system cost per area household to treat Tulare groundwater: a)
exceeded 0.4% of the median annual household income; b) was more than 100% of the current
water rate; and c¢) was greater than the ninetieth percentile economic untreatability threshold
of $379.14 per household. Concentrations of TDS, chloride, sulfate, boron , and sodium in
McKittrick area groundwater are comparable to Tulare groundwater in the Elk Hills field.
However, Elk Hills Tulare groundwater also has higher concentrations oflead and
hydrocarbons, the removal of which would increase treatment costs and, consequently,
increase the economic infeasibility to treat it for use as drinking water.

15. The Tulare groundwater in the Elk Hills field has low resource value or beneficial uses except
for its use in Class I non-hazardous and Class IT UIC injection operations.

16. Hydraulic fracturing will not be required as part of development of the Tulare Formation in
the Elk Hills field.

19 Class III groundwater is defined as groundwater that is not a source of drinking water because it consists of
groundwater that is saline or otherwise contaminated beyond levels that would permit its use as drinking water or for
other beneficial purposes. Class III groundwater can: 1) have a TDS concentration in excess of 10,000 mg/l; 2) be so
contaminated by naturally occurring conditions or broadscale human activity (unrelated to a specific activity) that it
cannot be cleaned up using treatment methods reasonably employed in public water supply systems; or 3) have
insufficient yield to meet the m inimum needs of an average household. Both a reference technology test, which
compares the treatment needed for the contaminated groundwater to relevant treatment technologies for public water
treatment, and an economic untreatability test, which determin es whether treatment costs would be economically
feasible for a hypothetical user population, are used to classify groundwater as Class III (EPA, 1988).
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OCCIDENTAL OF ELK HILLS, INC.
TULARE AQUIFER EXEMPTIONDOCUMENT
ELK HILLS FIELD

A. OPERATOR INFORMATION

Occidental of Elk Hills, Inc.
28590 Highway 119

P. 0. Box 1001

Tupman, California 93276-1001
Phone: (661) 763-6000

B. EXEMPTION AREA DESCRIPTION

The Tulare aquifer exemption area is located on the western side of the southern San Joaquin
Valley (Exhibit 1). The Elk Hills Tulare aquifer exemption area originally was 72.4 square
miles and included about 99% of the Elk Hills field lying within the DOGGR’s administrative
field limits. After meetings and discussions between OEHI, SJEC, and representatives of the
WKWD, the KCWA and the KWBA, thenortheastern flank of the Elk Hills field was excluded
from the Tulare aquifer exemption area, reducing thetotal area to about 80% of the field. The
Tulare aquifer exemption area currently consists of about 59.0 square miles, or 37,780.2 acres,
and includes nearly all of the Elk Hills field lying within the DOGGR’s administrative limits,
with the exception of the following areas (Exhibit 2):

Township 30 South, Range 24 East (=5)
All of section 17
All of section 18
All of section 19
All of section 20
All of section 21
All of section 22
South 1/2 of the Southwest 1/4 of Section 25
All of section 26
All of section 27
All of section 28
All of section 29
All of section 30
All of section 34
All of section 35
All of section 36
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Township 30 South, Range 25 East (= T)
The following portions of Section 31:
South 1/2 of Southwest 1/4 of Northwest 1/4
Southwest 1/4

The area of review for this document consists of the 59.0-square mile Tulare aquifer exemption
area plus a buffer zone with a fixed distance of 0.25 mile, as shown on Exhibit 1 and Exhibit
2.

The Tulare aquifer exemption interval consists of all of the saturated upper Tulare zone and
both the unsaturated and saturated lower Tulare zone below the Amnicola claystone confining
zone.

The following is a description of the Tulare aquifer exemption area:

Township 30 South, Range 22 East (= 7)
The following portions of Section 10:
North 1/2
North 1/2 of Southeast 1/4
South 1/2 of Section 11:
All of Section 13
The following portions of Section 14:
North 1/2
Southeast 1/4
The following portions of Section 23:
Northeast 1/4
North 1/2 of Southeast 1/4
Southeast 1/4 of Southeast 1/4
All of Section 24
Northeast 1/4 of Section 25

Township 30 South, Range 23 East (=R)

All of Section 7

All of Section 8

All of Section 13
All of Section 14
All of Section 15
All of Section 16
All of Section 17
All of Section 18
All of Section 19

All of Section 20

All of Section 21

All of Section 22
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All of Section 23
All of Section 24
All of Section 25
All of Section 26
All of Section 27
All of Section 28
All of Section 29
All of Section 30
All of Section 32
All of Section 33
All of Section 34
All of Section 35
All of Section 36

Township 30 South, Range 24 East (=5)
All of Section 31
All of Section 32
All of Section 33

Township 31 South, Range 23 East (= B)
All of Section 1
All of Section 2
All of Section 3
All of Section 4
All of Section 10
All of Section 11
All of Section 12
All of Section 13

Township 31 South, Range 24 East (= G)
All of Section 1
All of Section 2
All of Section 3
All of Section 4
All of Section 5
All of Section 6
All of Section 7
All of Section 8
All of Section 9
All of Section 10
All of Section 11
All of Section 12
All of Section 13
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All of Section 14
All of Section 15
All of Section 16
All of Section 17
All of Section 18

Township 31 South, Range 25 East (= M)
The following portions of Section 6:
Northwest 1/4
Northwest 1/4 of Southwest 1/4

C. DECLARATION FROM LOCAL WATER AGENCY

The WKWD has the authority to provide water to municipal and industrial users within the
area of review . It has provided the DOGGR with a letter stating that the Tulare Formation
within the Elk Hills aquifer exemption area does not currently serve as a source of drinking
water and would not reasonably be expected to supply a public water system (Exhibit 3).

D. JUSTIFICATION FOR AQUIFER EXEMPTION

An exempt aquifer is an aquifer or portion of an aquifer that meets specific criteria, for which
protection under the Safe Water Drinking Act (SDWA) has been waived by the UIC Program
under 40 CFR §146.4. Basedon 40 CFR §146.4, OEHIis proposing a Tulare aquifer
exemption within the area of review based on the following reasons (checked if applicable to
OEHI).

() 1. It does not currently serve as a source of drinking water, and
(1) 2. It cannot now and will not in the future serve as a source of drinking water because:

(V) (a) If it is mineral, hydrocarbon, or geothermal energy producing, or it can be
demonstrated by a permit applicant for a Class II or I operation to contain minerals
or hydrocarbons that considering their quantity and location are expected to be
commercially producible.

(_) (b) It is situated at a depth or location which makes recovery of water for drinking water
purposes economically or technologically impractical;

( N ) (c¢) It is so contaminated that it would be economical or technologically impractical to
render that water fit for human consumption; or

(_ ) (d) It is located over a Class III well mining area subject to subsi dence or catastrophic
collapse; or

() 3. The TDS content of the groundwater is more than 3,000 and less than 10,000 mg/1
and it is not reasonably expected to supply a public water system.
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The following sections provide documentation to support the Elk Hills Tulare aquifer
exemption.

E. EXISTING AQUIFER EXEMPTIONS WITHIN THE AREA OF REVIEW
1. History of the Aquifer Exemption Process

In April 1981, the DOGGR applied to the EPA for primacy in the regulation of Class 11
UIC injection wells under Section 1425 of the SWDA. Non-hydrocarbon producing zones
being used for injection of produced water were identified as exempt aquifers in the
Primacy Application. The hydrocarbon-producing zones that the DOGGR identified as
exempt aquifers in the 1981 Primacy Application were the productive zones shown as
shaded areas on maps and cross -sections in the 1973 version of California Qil and Gas
Fields (California Department of Conservation, 1973). For petroleum discoveries after
1973, all new productive areas should have been included in the Primacy Application. The
DOGGR was granted primacy andaquifer exemptions were approved in the DOGGR-EPA
Memorandum of Agreement (MOA) , dated September 19, 1982 . The list of exempt
aquifers was included in a letter dated May 17, 1985, from Mr. Frank M. Covington of the
EPA to Mr. Tom Cornwell of Western Oil and Gas Association ( Exhibit 4). Zones with
TDS concentrations exceeding 10,000 mg/l do not meet the de  finition of a protected
USDW and are automatically exempt aquifers (Exhibit 4).

Numerous zones within and adjacent to the Tulare aquifer exemption area in the Elk Hills
field are aquifers that already have been exempted based on : 1) being economically
infeasible to treat for use as drinking water ~ under 40 CFR §146.4; 2) being a non-
hydrocarbon-producing zone used for Class II injection at the time of the 1981 Primacy
Application; 3) the occurrence of commercial hydrocarbons; and 4) not being protected
USDWs being the y contain TDS concentrations in excess of 10,000 mg/l . The Tulare
Formation within the entire field administrative limits of the Asphalto field is an exempt
aquifer based on being economically infeasible to treat for drinking water ( Exhibit 2;
Exhibit 5; Exhibit 7). Within the entire administrative limits of the Buena Vista field, the
Tulare was exempted because it was a non -hydrocarbon producing zone being used for
wastewater disposal (Exhibit 2; Exhibit 5; Exhibit 8). In the Railroad Gap field, only the
Amnicola zone in the lower Tulare Formation has an aquifer exemption based on
commercial hydrocarbon production!! (Exhibit 9). In the northern Midway-Sunset and the
McKittrick fields, the Tulare Formation also has an aquifer exemption based on
commercial oil production, shown as shaded areas on some of the maps and cross-sections
in Exhibit 10 and Exhibit 11. The North Coles Levee and South Coles Levee fields have

I The Amnicola zone is exempt only within the productive area of the Railroad Gap field, but this areais not shown
on Exhibit 9.
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Tulare aquifer exemptions based on TDS concentrations in excess of 10,000 mg/l (Exhibit
4; Exhibit 12; Exhibit 13).

Aquifer exemptions in the fields within and near the area of review are discussed in more
detail in the following sections.

2. Elk Hills Field

The Tulare Formation in the Elk Hillsfield was referred to and treated as an exempt aquifer
by the EPA when it authorized Class I !> non-hazardous injection in two Tulare disposal
wells for Elk Hills Power, LLC, under UIC Permit #CA200002 Exhibit 14). In addressing
public comments received during the review process (Exhibit 14-3), the EPA wrote that it
“... had made the determination that the Tulare Formation within the Area of Review is an
exempt aquifer.” The area of review for the Elk Hills Power UIC permit was in section
18G, which has Tulare groundwater that is comparable in its poor quality to other areas of
the Elk Hills field. The original UIC permit, dated February 21, 2001, was modified on
June 3, 2004, to authorize two additional Tulare injection wells (Exhibit 14). As of June
2014, nearly 35 million bbls of Class I nonhazardous industrial fluids produced during the
operation of the Elk Hills Power Plant were injected into the Tulare Formation in the 18G
area of the Elk Hills field.

The Tulare Formation within the Elk Hills field has been described by the DOGGR as an
exempt aquifer (Exhibit 14-9). The DOGGR also has treated the Tulare as an exempt
aquifer by permitting Class II UIC injection projects, project expansions, and wells. The
DOGGR’s letters of approval for the two Elk Hills Tulare Class II injection projects and
several project expansions are provided in Exhibit 14. A list of active, idle, and abandoned

Tulare wastewater disposal wells in the Elk Hills field also is included in Exhibit 14.
Individual scanned records for the Elk Hills Tulare disposal wells can be accessed online
using the following link:

http://opi.consrv.ca.gov/opi/opi.dll/WellList?UsrP_ID=100222100&FormStack=
Main%2CField%2CWellList&SortFields=PWT _WellTypeCode&NewSortField

s=PWT _WellTypeCode&GotoPage=121&PriorState=Fld Code%3D228%2CE
ncoded%3DTrue

The Tulare Formation has been used since July 1981  for injection of produced water.

Although this was after the DOGGR’s submittal of its April 1981 Primacy Application, it
was 14 months before the EPA granted the DOGGR primacy on September 29, 1982. In
this 14-month interim, the Tulare Formation in the Elk Hills field still was not included as

12 Class I wells inject hazardous and noshazardous industrial and municipal wastes below the lowermost underground
source of drinking water (USDW). Injection occurs into deep, isolated rock formations that are separated from the
lowermost USDW by layers ofimpermeable clay and rock.
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an exempt aquifer in the Primacy Application. As a result, it was omitted as an  exempt
aquifer based on being a non -hydrocarbon producing zone being used for wastewater
disposal.

The Tulare Formation in the Elk Hills field has produced oil since 1975. It was not shown
as a producing zone in the 1973 version of California Oil and Gas I ields but was
documented as a March 1975 discovery in in the DOGGR’s 1998 version ofCalifornia Oil
and Gas Fields (Exhibit 6). Although the March 1975 discovery pre-dates the DOGGR’s
April 1981 Primacy Application, the Tulare Formation in the Elk Hills field was not
included as an exempt aquifer based on hydrocarbon production. Both the pre - and post-
Primacy versions of Elk Hills geologic information in  California Oil and Gas Fields are
included in Exhibit 6. The Elk Hills field has existing aquifer exemptions based on
commercial oil production only for the following zones:

Mya gas and Scalez zones in the San Joaquin Formation

Mulinia, Bittium, Wilhelm, Gusher, and Calitroleum zones in the Etchegoin Formation
Olig, Stevens and Northwest Stevens zones in the Monterey Formation

Carneros and Agua zones in the Temblor Formation

3. Asphalto Oil Field

The Asphalto field lies directly to the southwest of the Elk Hills Tulare aquifer exemption
area (Exhibit 2; Exhibit 5; Exhibit 7). The Tulare Formation in the Asphalto field was not
exempted when the 1982 DOGGREPA MOA was approved but was exempted by the EPA
on July 31,2009 , when a separate application requesting this exemption was approved.
The interval that was exempt ed includes the entire section of the Tulare zone below the
confining alluvial clay within the administrative limits of the Asphalto field. The Tulare
Formation was granted an aquifer exemption for the following reasons:

1. It did not serve as an underground source of drinking water (USDW);
2. It had TDS concentrations greater than 3,000 mg/l: and

3. It was not reasonably expected by the WKWD to supply a public water system
because of its poor groundwater quality.

4. It was so contaminated that it would have been economically or technologically
impractical to render that water fit for human consumption.

It was demonstrated in the Asphalto Tulare aquifer exemption application that, because of
high concentrations of TDS, chloride, sulfate, boron, Tulare grou ndwater could not be
economically treated for use as drinking water. It will be demonstrated in this document
that Tulare groundwater in the Elk Hills field is at least as poor in quality as Asphalto
groundwater and therefore economically infeasible to treat for use as drinking water.
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The following zones in the Asphalto field have aquifer exemptions based on commercial
petroleum production:

e Etchegoin
¢ Olig, Stevens, and Antelope Shale in the Monterey Formation
e Carneros in the Temblor Formation

The Tulare Formation is the Asphalto field currently is being used for Class II injection.

4. Buena Vista Field

The northern boundary of the Buena Vista field adjoins the southern part of the Elk Hills
Tulare aquifer exemption area (Exhibit 2; Exhibit 5; Exhibit 8). The Tulare Formation in
the Buena Vista field was exempted under the 198 2 DOGGR-EPA MOA as anon -
hydrocarbon producing zone being used for wastewater disposal and ha s an aquifer
exemption within the entire administrative limits of the field. The other exempt aquifers
were based on commercial petroleum production and include the following zones:

e Above Scalez, Sub Scalez One, and Sub Scalez Two zones in the San Joaquin

Formation in the Buena Vista Front area

Mulinia zone in the Etchegoin Formation in the Buena Vista Front area

Mya (gas) zone in the San Joaquin Formation in the Buena Vista Hills Area

Top Oil (Sub Scalez) zone in the San Joaquin Formation in the Buena Vista Front area

Sub Mulinia, Wilhelm, Gusher, Calitroleum, 99 -90, and 27 -B (E sands) zones in the

Etchegoin Formation in the Buena Vista Hills area

e (Calidon (gas) zone in the Etchegoin and Monterey formations in the Buena Vista Hills
area

e Antelope shale and 555 Stevens zones in the Monterey Formation in the Buena Vista
Hills area

The Tulare Formation in the Buena Vista field currently is used for Class Il was tewater
disposal by Valley Water Management Company in section 19B.

5. Railroad Gap Oil Field

The Railroad Gap fieldis adjacent tothe northeastern portion of the Elk Hills Tulare aquifer
exemption area (Exhibit 2; Exhibit 5; Exhibit 9). The Amnicola zone is exempt only within
the productive area of the Railroad Gap field, but this area is not shown on Exhibit 9. The
following zones have aquifer exemptions based on commercial petroleum production.

¢ Amnicola zone in the Tulare Formation (lower Tulare)

Occidental of Elk Hills, Inc. Page § Tulare Zone Aquifer Exemption Document
San Joaquin Energy Consultants, Inc.- 10/2/14 Elk Hills Tulare Final 100214 Revi.docx

ED_001000_00029908-00017



e 2% Mya (gas) zone in the San Joaquin Formation
e Olig zone , Antelope shale, and Valv (Foraminite) zones in the Monterey Formation
o Carneros, upper Santos, and Phacoides (Wygal) zones in the Temblor Formation

The upper part of the Tulare Formation in the Railroad Gap field is not an exempt aquifer.
The Amnicola zonein the lower Tulareis exempted and was used in the past for steamflood
and cyclic steam operations, but all wells have since been abandoned.

6. Midway-Sunset Oil Field

The northern part of the Midway -Sunset field is adjacent to the Elk Hills Tulare aquifer
exemption area along its southwestern side (  Exhibit 2; Exhibit 5; Exhibit 10). The
following zones in the northern area of the field , which are shown as the shaded areas on
some of the maps and cross -sections in Exhibit 10, have aquifer exemptions based on
commercial petroleum production:

Tulare Formation

Mya Tar and Top Oil zones in the San Joaquin Formation

Kinsey, Wilhelm, Gusher, and Calitroleum zones in the Etchegoin Formation
Lakeview, Sub-Lakeview, Potter zones , Marvic, Antelope shale, Monarch, Webster,
Moco, Obispo, Pacific, Metson, Leutholtz,, and Republic, in the Monterey Formation

Exempt Tulare aquifers currently serve or have served as Class I disp osal zones in the

northern part of the Midway-Sunset field. The largest of these is operated by ValleyWater
Management Company, which disposes into the Tulare Formation in sections 13 G, 19G,
and 21G. The Tulare zone also is or has been steamflooded, water flooded, and cyclically-
steamed in this field.

7. McKittrick Oil Field

The McKittrick field liesto the westof the Elk Hills Tulare aquifer exemption area(Exhibit
2; Exhibit 5; Exhibit 11). The following zones in the Main and/or Northeast areas of the

McKittrick field all have aquifer exemptions based on commercial petroleum production
(Exhibit 11)!3:

Tulare in the Main and Northeast areas

Olig zone in the Monterey Formation in the Main and Northeast areas
Basal Reef Ridge in the Monterey Formation in the Main area
Stevens in the Monterey Formation in the Main area

Antelope shale in the Monterey Formation in the Northeast area

13 The exempt area of the Tulare Formation is only shown on one of the crosssections.
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e Carneros and Phacoides zones in the Temblor Formation in the Northeast area
¢ Oceanic zone in the Tumey Formation in the Northeast area
e Point of Rocks zone in the Kreyenhagen Formation in the Northeast area

The Tulare zone in the McKittrick field  isused for Class II wastewater disposal,
steamflooding and cyclic steaming.

8. North Coles Levee Field

The western side of the North Coles Levee field lies along the northeastern area of the Elk
Hills Tulare aquifer exemption area (Exhibit 2; Exhibit 5; Exhibit 12). In documentation
from the EPA, the Tulare Formation in the North Coles Levee field was shown to have a
TDS concentration of 12,900 mg/1 prior to any injection (Exhibit 4-5) and therefore did not
meet the definition of a protected USDW within the entire administrative limits of the
North Coles Levee field.

The Tulare Formation in the North Coles Levee field was used for Class I wastewater
disposal, but the well has not injected since January 1977 and has been abandoned.

9. South Coles Levee Field

The northwestern area of the South Coles Levee field adjoins the southeastern side of the
Elk Hills Tulare aquifer exemption area (Exhibit 2; Exhibit 5; Exhibit 13). EPA
documentation shows that t he Tulare Formation in this field had TDS concentrations

between 12,000 to 13,300 mg/l (Exhibit 4-5). Because TDS concentrations exceed the
10,000 mg/1 threshold for being a protected USDW, the Tulare Formation within the entire
administrative limits of the South Coles Levee field is not an USDW,

There is one active Class 11 wastewater disposal well in the TularéSan Joaquin in the South
Coles Levee field. Four other disposal wells in this zone have since been abandoned.

F. AQUIFER CHARACTERIZATION
1. Description of Aquifer

Topography shows that the Elk Hills field is deeply cut by canyons that trend either north
or south from the crest of the hills (Exhibit 2). The crest of Elk Hills lies about 1,000 feet
above t he valley floor, and canyons commonly are 75 to 200 feet deep. All areas of
topographic relief in the field have the Tulare Formation in outcrop (Exhibit 15).

The Tulare groundwater in the area of review lies within the Kern County Subbasin of the
San Joaquin Valley Groundwater Basin (  Exhibit 16; California Department of Water
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Resources, 2006). The Kern County Subbasin has interior drainage and no appreciable
surface or subsurface outflow, except during extremely wet years (Kern County Water
Agency, 2008). The Elk Hills field lies with i Detailed Analysis Unit (DAU) Nos. 259
and 260 of the Kern County Subbasin (Exhibit 17; California Regional Water Quality
Control Board, 2004). The designated beneficial uses for DAU No. 259 are MUN, AGR,
and IND. The designated beneficial uses for DAU No. 260 consist only of MUN and IND.

The structure and stratigraphy of the Tulare Formation within the area of review is shown
in the type logs (Exhibit 18), the structure contour map of the base of the Tulare Formation
(Exhibit 19), the isochore map of the gross thickness of the Tulare Formation (Exhibit 20),
and structural cross-sections (Exhibit 21).

The Tulare Formation is the primary groundwater -bearing zone in the Elk Hills field. It
consists of fluviatile and lacustrine deposits of gravel, sand, silt, clay, and limestone. The
Tulare Formation at Elk Hills contains three informal members: the upper and lower Tulare
and, separating the two, the Amnicola claystone. The Tulare contains nonmarine sediments
deposited in floodplain, fluvia 1channel, and lake environments. Fluvial channels are
coarse- to very coarse -grained and fine upward to medium - and coarse -grained sand.
Porosity and permeability are very good. Sand intervals are generally loose and
unconsolidated. Floodplain sediments consist of clay and sandy siltstone. The Amnicola
claystone consists of silty claystone and probably was deposited in a lacustrine setting.
Floodplain deposits are more common i n the lower Tulare, whereas fluvial channels
comprise most of the upper Tulare.

Two prominent lacustrine clay or claystone units occur within the Tulare Formation and

can act as effective confining zones. The Amnicola claystone, which separates the upper
and lower Tulare, consists of a dark brown -gray, lacustrine claystone with thin, rare
siltstones. The Tulare clay occurs within the upper part of the formation and is a thick unit
of clay and interbedded clay -gravel. The portion of the Tulare Formation above the

Amnicola claystone has the best porosity and permeability and is the most suitable zone n
the Elk Hills field for produced water injection.

In the aquifer exemption area, the Tulare Formation conformably overlies the shallow
marine deposits of the San Joaquin Formation (Exhibit 18 through Exhibit 21). The San
Joaquin Formation lying immediately beneath the Tulare is composed of shale and siltand
contains characteristic marine fossils and shells . It produces natural gas and formation
water with high TDS concentrations.

Across most of the Elk Hills field the Tulare Formation crops out at the surface. Holocene
age alluvium is present only at the most down -dip flanks of the field to the north, south ,
and cast. The contact between the top of the Tulare, where present, and the base of the
alluvium was originally established by geologic mapping (Woodring et al., 1932) and later
refined using aerial photographs.
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The base of Tulare Formation was based on the defin ition used by the U. S. Geological
Survey (USGS) in Maher et al. (1975). It was placed at the transition between the marine
tidal marsh and channel  deposits of the San Joaquin Formation and the fluvial and

lacustrine sands of the Tulare. Correlations ofthe first Tulare sand are relatively consistent
across Elk Hills. A higher well density based on recent well data allowed a more accurate

view of correlations, and USGS tops were modified locally as improved correlations were
identified.

The base of the Tulare Formation in the subsurface ranges from elevations of +500 feet in
the axial crest of the anticline to -2,500 feet in the Buena Vista Valley area (Exhibit 19).
Although only a single major anticline is present in the surface outcrops of Elk Hills, two
culminations are apparent at the base of the Tulare Formation: the western 29R Anticline
in sections 28R and 29R and the castern 31S Anticline insections 25R, 36R, 30S, and 31S.
At the south edge of the map, the Buena Vista Syncline can be recognized in section 14G,
and, further to the south, the edge of the Buena Vista Anticline is apparent.

The gross thickness of the Tulare Formation ranges fro m about 1,100 feet along the axial
crest of Elk Hills to more than 2,500 feet on the north flank and 3,000 feet in the Buena
Vista Valley (Exhibit 20). Flank thickness may include alluvium because it is difficult to
differentiate it from the Tulare in these areas.

Five significant normal faults break only the base of the Tulare Formation in eastern Elk
Hills area. These are extensions of deeper faults that reach rese rvoirs in the San Joaquin
and Etchegoin Formations. Faults have up to 300 feet of offset. The downthrown block s
are to the northwest.

From a hydrogeologic standpoint, the Tulare Formation can be divided into two zones: 1)
the shallow unsaturated Tulare zone and 2) the deeper, saturated Tulare zone. The Tulare
aquifer exemption interval includes all of the saturated upper Tulare zone and both the
unsaturated and saturated lower Tulare below the Amnicola claystone confining zone.

a. Unsaturated Tulare Zone

The upper intervals of the Tulare Formation consist of sand, conglomerates, and finer-
grained sediments that are completely dry or at irreducible water saturation and are
referred to in this  document as the unsaturated Tulare zone. The extent of the
unsaturated Tulare zone, which occurs in the area of the axial crest of Elk Hills, is
shown as the yellow highlighted area inExhibit 20. The unsaturated Tulare zone below
the Amnicola claystone confining zone is part of the aquifer exemption interval.

The structure map of the base of the unsaturated Tulare zone was made by finding the
lowest occurrence of the density-neutron crossover in the Tulare in each well (Exhibit
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22). In some instances and mostly in outlying areas , resistivity was used when the
density and neutron curves were absent. In these cases, the base of the unsaturated
Tulare zone was picked where resistivity drops from consistently higher values (>10
ohm-m) to lower values (<5 ohm-m) in clean sands.

The base of the unsaturated Tulare zone is not necessarily the same as the top of the
saturated Tulare zone. Actual air -water contacts are rare in the data set because
individual Tulare sand beds generally are too thin torecognize these contacts. The base
of the unsaturate d interval 1s more consistent in the upper Tulare because it is a more
sand-rich section. Where the unsaturated base occurs in the lower Tulare, the horizon
1s more variable because of the low net sand that is characteristic of the interval.

Along the crest of Elk Hills, the base of the unsaturated zone is coincident with or close
to the base of the Tulare Formation. In these areas, the unsaturated Tulare zone reflects
the structure formed by the Elk Hills anticline. On the flanks of the Elk Hills anticline,
the base of the unsaturated Tulare is relatively horizontal and  can cross the dipping
strata of the Tulare. Where the Tulare has a low net sand content typically in the lower
Tulare, the base of unsaturated inte rval is more variable.  Although the Amnicola
claystone is a well -documented confining zone in the Elk Hills area, the base  of the
unsaturated zone can be at a relatively similar level in the upper and lowerTulare. This
may be because : 1) groundwater levels may be slightly different but masked by the
variability of the mapping methods or the age of the well logs , and 2) the base of the
unsaturated Tulare zone may be influenced more by the structural growth of the Elk
Hills anticline and a weak groundwater system that has no appreciable recharge and
low pressures, resulting in groundwater levels in both Tulare members reachng similar
levels. Other cross-sections also show slightly different groundwater levels between
the lower and upper Tulare, particularly in the south flank area ( Exhibit 21-1; Exhibit
21-2), in the eastern and western Elk Hills area (Exhibit 21-3) and to a lesser extent on
the north flank (Exhibit 21-2). The elevation ofthe base of the unsaturated Tulare zone
ranges from about +80 feet in the northwestern area to +520 feet in the area of sections
28R and 29R (Exhibit 22).

The isochore map of the gross thickness of the unsaturated Tulare zone represents the
difference between the ground surface elevation on the  topographic map and the
clevation of t he base of the unsaturated Tulare zone grid (Exhibit 23). Contours are
very crenulated because of the deep erosion of the ground surface. The yellow area
shows that 100% of this interval is unsaturated, as indicated by the density -neutron
crossover. At the crest of Elk Hills, there are up to 1,100 feet of unsaturated Tulare
zone. The unsaturated interval thins to less than 100 feet off the northeastern and
southeastern flanks of Elk Hills. Where present, some of thi s outlying interval may
include alluvium because it is difficult to differentiate it from the uppermost Tulare

Formation.
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It is important to note that th e isochore map of the gross thickness of the unsaturated
Tulare zone is based on density -neutron log coverage. The surface to the top of the
logged interval , typically 50 to 300 feet thick , is included in this map.  Shallow
boreholes drilled across several sections in Elk Hills ~ confirm that the uppermost
interval of the Tulare also is unsaturated . An example of some of the data used to
determine if shallow perched groundwater is present in the Tulare zone is included for
the Stantec 43-36R in Exhibit 24!*. Based onthese boreholes, the deeply eroded Tulare
surface, and the dip of the anticlinal limbs of the Elk Hills structure, it is unlikely that
there would be any  naturally-occurring, saturated sands in the shallowest Tulare
Formation in Elk Hills.

b. Saturated Tulare Zone

The saturated Tulare zone can occur either above or below the Amnicola clay stone in
the Tulare Formation, both of which are part of the Tulare aquifer exemption inter val
(Exhibit 21). The isochore of the gross thickness of the saturated Tulare representsthe
unedited difference between the base of the unsaturated Tulare zone and base of the
Tulare grids (Exhibit 25). The yellow area on the isochore map shows where the entire
interval of the Tulare is unsaturated. In this area, there may be as much as 40 feet of
interval below the base  of the unsaturated Tulare zone ~ which is included in the
unsaturated zone. This is because the base of the Tularecan contain no clean sand that
would trigger the density-neutron crossover effect.

The gross thickness of the saturated Tulare zone ranges from O feet along the axial crest
of Elk Hills to greater than 2,500 feet in the north flank area and 2,800 feet in thBuena
Vista Valley on the south flank.  In sections 25R and 26R, there is a small lens of
saturated zone in the lower Tulare within the yellow-colored, unsaturated interval. This
area is coincident with the saddle between the 31S and 29R Anticlines and mayontain
groundwater in sands at the base of the Tulare, with a maximum gross thickness of 200
feet.

Groundwater in the saturated Tulare zone can occur underunconfined or semi-confined
conditions where confining strata are absent or below the Amnicola claystone in the
axial crest area (Exhibit 21). Saturated Tulare sands also can occur under confined
conditions, especially below the Amnicola claystone along the fla nks of Elk Hills
(Exhibit 21).

14 Additional data from the Stantec 43-36R borehole as well as other boreholes in the Elk Hills field are not included
in this document but are available upon request.
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2. Depth of Aquifer

The saturated Tulare zone is not present over the axial crest area of the Elk Hills field.
Where present, the depth to the base of the unsaturated Tulare zoneranges from about 380
feet in the 18G area to 1,050 feet in the 30R (Exhibit 22). As discussed in Section F.1.a,
the b ase of the unsaturated Tulare zone is not necessarily the s ame as the top of the
saturated Tulare zone because individual Tulare sand beds generally are too thin to
recognize air-water contacts.

3. Lateral Extent of Aquifer

The Tulare aquiferis laterally continuous throughout the area of review, except on the crest
of Elk Hills where there is no saturated zone (Exhibit 19; Exhibit 20; Exhibit 21). The
Tulare Formation 1s stratigraphically continuous between the area of review and the

surrounding fields in which it already is an exempt aquifer.

4. Drinking Water Wells within the Area of Review

All water well drillers in California are required to submit Well Completion Reports to the
DWR, which shares these data with the KCWA.  Water well records within the area of
review were searched using data from the KCWA, the Department of Water Resources
(DWR) Water Data Library , the DWR California Statewide Groundwater Elevation
Monitoring Program , the Kern County Environmental Health Services Department
(KCEHSD), the USGS National Water Information System, and USGS Professional Paper
912. The summary of results from the water well survey is provided in Exhibit 26. There
were no water wells records within the arca of review in the KCEHSD database However,
KCEHSD only keeps records of well destructions for about five years before the y are
discarded. Also, the agency did not begin keeping records of water wells until the mid -
1980s.

The current status '°> of the water wells  in all agency databases was verified by site
reconnaissance by Quad-Knopf (Exhibit 26). Based on searches of water well databases,
well records re view, and site reconnaissance, t here are no known drinking water wells
located within the area of review. The WKWD is the primary supplier of municipal and
industrial water in this area. The WKWD has no water wells within the area of review and
has no rights to drill any water wells within Elk Hills Tulare aquifer exemption area.

15 Active, idle, or destroyed.
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G. TYPES OF CONSTITUENTS AND TDS IN FORMATION WATER

Tulare groundwater was characterized based on a review of laboratory analyses and reports
provided by OEHI , DOGGR Class I UIC project information, DOGGR formation water
analyses for fields in and near the Elk Hills area, and literature on groundwater in the area of
review.

Groundwater samples from the Tulare Formation in the Elk Hills field were grouped into two
main areas based on data from the following wells:

e South Flank Area
43WS-13B, 84WS-13B, and 284WS-13B
82-14B and 282WS-14B
Test wells 48-9G and the S7WS-9G
45WS-18G and 86WS-18G
82-2B

e North Flank Area
61WS-8R

Nearly all of the Tulare groundwater analyses were collected from Tulare water source wells
on the south flank of the Elk Hills field. All Tulare water source wells either have been
abandoned or are idle. Tables summarizing the average concentrations of Tulare groundwater
constituents and laboratory analyses from individual wells are included in Exhibit 27.

1. South Flank Tulare Groundwater

The initial TDS concentrations for Tulare water source wells completed above the
Amnicola claystone ranged from 4,150 to 8,720 mg/1 ( Exhibit 27). Below the Amnicola
claystone, the initial TDS concentrations range from 7,168 to 20,000 mg/l (Exhibit 27). In
the lower Tulare, where TDS concentrations exceed 10,00 0 mg/l, groundwater in that
interval is not a protected USDW by definition. TDS concentrations in Tulare groundwater
generally show a trend of increasing with depth. It is likely that this results from proximity
to the underlying marine San Joaquin Formation as well as other deeper, marine rocks that
contain naturally saline, connate groundwater.

A summary of these constituents and their regulatory thresholds is provided in Table 1.
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Table 1
Constituents in Tulare Formation Water, South Flank Wells

Mean Concentration MCLs and Reguiatory Threshold

Constituent Thresholds ? % of Threshold

Lead" / 00 ?/%//% ” . / / . 139%
Selenium? (below Amnicola) .~ 07 % / - 1440%
iron kY 0.3 In some analyses Upto12,333%
TDS’ (above Amnicola) 4,150 to 8,720 500 Yes 830% to 1,744%
TDS?® (below Amnicola) 7,168 to 20,000 500 Yes 1434% to 4,000%
Chloride* 1,625 250 (recommended) Yes 650%
Sulfate’ 1,435 250 [recommended) Yes 574%
Boron® 6.16 <05->30 Yes 205% to 1,232%
Strontium’ 501068 4 Yes 125% to 170%
Sodium® 1217 <3 to <69 Yes 1,764% to 40,567%
Arsenic 0.0047 0.010 No --
Copper <0.04+ 1.0 No -
Molybdenum 0.103 None -- -~
Nickel 0.0559 0.1 No
Zinc 0.049 10 0.0589 5.0 No -~
NOTES:
All concentrations and regulatory limits are in mg/l.
ZW/%W/%%%/%%WWWV MCLs are shown in red.

Secondary MCLs are shown in orange.

Other regulatory thresholds are shown in yellow.

"The MCL for lead is 0.015 mg/l, and its maximum contaminant level goal (MCLG) is 0 mg/l. The environment screening level (ESL) for lead
in groundwater is 0.0002 mg/\.

?Primary MCL for selenium: 0.050 mg/|

3Secondary MCLs for TDS: recommended = 500 mg/|; upper = 1,000 mg/l; short term = 1,500 mg/I

*Secondary MCLs for chloride: recommended = 250 mg/l; upper = 500 mg/l; short term = 600 mg/l. The chloride water quality guideline
for sprinkler irrigation is <106 mg/l. Irrigation water for sensitive crops is recommended to be <142 mg/|.

*Secondary MCLs for sulfate: recommended = 250 mg/l; upper = 500 mg/|; short term = 600 mg/!.
®The EPA's lifetime health advisory (LHA) for boron is 6 mg/l, and its drinking water equivalent level (DWEL) for boron is 7 mg/l. Boron

concentrations as low as 0.5 mg/l may be toxic to certain sensitive plants; severe usage restrictions are recommended for concentrations
greater than 3.0 mg/l. The upper limit for livestock drinking water is 5.0 mg/l.

"The EPA's LHA level for strontium is 4 mg/! for a 70-kg adult consuming 2 liters water/day.

8Recommended sodium levels for surface irrigation, which are based on toxicity from root absorption, are <3 mg/l) and for sprinkler
irrigation are <69 mg/!. f

(Source: NPR-1 Ground Water Monitoring Plan, 1995 and groundwater analyses in Exhibit 27)

Tulare groundwater in the Elk Hills south flank area has: 1) a concentration of lead that
exceeds the primary MCL for drinking water; 2) TDS, chloride, and sulfate concentrations
in excess of secondary drinking water MCLs in every groundwater analysis ; 3) b oron,
strontium, and sodium concentrations in excess of regulatory thresholds for human health,
agricultural uses, and/or livestock watering; and 4) iron concentrations that are variable but
exceed the secondary drinking water MCL in some analyses.
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Some areas of the south flank have TDS concentrations in Tulare groundwater in excess of
10,000 mg/1, shown in green in the cross -sections in Exhibit 21. Tulare groundwater in
these areas, typically near its base, does not meet the definition of a protected USDW and
automatically qualify those zones as exempt aquifers. An example of groundwater quality
in a non-protected USDW 1s included in Exhibit 27 for the 82-2B well. This south flank
well is completed only in the lower Tulare interval. Groundwater analyses from the 82-2B
well had a TDS concentration of 20,000 mg/l . It also has : a concentration of selenium
which exceeds the primary MCL; chloride and sulfate concentrations in excess of
recommended secondary MCLs: and concentra tions of boron , strontium, and sodium
greater than regulatory thresholds  for protection of human health , agriculture, and /or
livestock.

2. North Flank Tulare Groundwater

The 61WS-8R well, located in the northwestern part of the field,averaged 7,009 mg/l TDS
in 1979 (Exhibit 27-1); Bechtel Petroleum Operations, Inc., 1994) . When groundwater
from this well was analyzed on May 17, 1988, TDS had increased to 8,720 mg/l . TDS
concentrations in the 61WS-8R well exceed secondary MCLs for drinking water by
1,744%. Other analyses from 61WS-8R were: chloride 2,262 mg/l; sulfate 1,295; and
boron 10 mg/l, all of which were significantly in excess of secondary MCLsand regulatory
thresholds for human health, agricultural use, and livestock watering.

3. Characterization Summary for Tulare Groundwater in the Elk Hills Field

Tulare groundwater constituents from two areas of the Elk Hills field are summarized
below (Table 1; Table 2; Exhibit 27).

e One Tulare groundwater sample in the south flank of the Elk Hills field contained a
concentration of lead that exceeds the primary MCL for drinking water.

e Every Elk Hills Tulare groundwater analyses in Exhibit 27 had TDS, chloride, and
sulfate concentrations that significantly exceed secondary MCLs for drinking water.

¢ Iron concentrations in Tulare groundwater a re variable, ranging from undetectable to
significantly higher than secondary MCLs (Exhibit 27).

e All Tulare groundwater analyses of boron and sodium in Exhibit 27 exceed regulatory
thresholds for human health, agricultural uses, and/or livestock watering.

e Although strontium was analyzed in only four Tulare groundwater samples, it exceeds
the regulatory threshold for human health in all four analyses.

Where TDS concentrations are less 10,000 mg/l TDS , Tulare groundwater generally is of
extremely poor quality and unfit for MUN ( Table 1 through Table 2) and AGR purposes
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(Table 3). Areas of the Elk Hills field have Tulare groundwater with TDS concentrations
in excess of 10,000 mg/l. These areas, which typically occur near the base of the Tulare,

are shown in green shading on the cross-sections in Exhibit 21. These high TDS zones in
the lower Tulare do not meet the definition of a protected USDW and therefore would be
exempt aquifers. The Tulare Formation in the Elk Hills fieldalso has producible quantities
of hydrocarbons and/or oil and gas shows , particularly in the areas of sections 19R, 28R,
29R, 30R, 33R, 31S, 13Z, 14Z, and 257, as discussed in Section I of this document.
Hydrocarbons, even if not commercial, represent an additional contaminant to be removed
if Elk Hills Tulare groundwater were to be treated for use as drinking water.

Table 2: Summary of Tulare Groundwater Constituents

Primary or Regulatory
Constituent Range (mg/l) Secondary MCL Threshold
(mg/l) (mg/D)*
Lead 0.0208 0.015 0 to 0.0025
Selenium Below Amnicola: 0.720 0.050
Iron <0.1 to 37 0.3
4,150 t0 8,720
DS Below Amnicola: 7,168 to 20,000 |00 (recommended) >2,000
Chloride 1,000 to 6,049.5 250 (recommended) >3 t0>10
Sulfate 340 to 1,800 250 (recommended)
Boron 3.7t010.0 -- 0.0016to 7
Sodium 856 to 1,800 -- <3 to <69
Strontium 5.0t06.8 4.0
Hydrocarbons Variable -- -

*See regulatory thresholds in Table 1 through Table 3.
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Table 3: Guidelines for Interpretations of Water Quality for Irrigation

B . S e o

; ? Degféé of Resti'létmlubnmbh Use .
Potential Irrigation Problem % Units %None% lﬁggg: ;toe ESev ore
Sa|:n|ty(affectscropWaterava,/ab,/,ty; =
ECw dS/m <07 07-30 >3.0
TDS mg/l < 450 450 -2000 > 2000
Specific lon Toxicity (affects sensitive crops)
Sodium (Na)*
sprinkler irrigation mefl <3 >3
Chloride (CI)®
surface irrigation me/l <4 4-10 >10
sprinkler irrigation me/l <3 >3
Boron (B)* mg/l <0.7 07-3.0 >3.0
Trace Elements (see Table 21)
Miscellaneous Effects (affects susceptible crops)
Nitrogen (NOs — N)® mg/l <5 5-30 > 30
Bicarbonate (HCOs)
{overhead sprinkling only) me/l <15 15-85 >8.5
pH Normal Range 6.5-8.4

" Adapted from University of California Committee of Consultants , 1974 (See Ayers & Westcot, 1994).

2 Ecw means electrical conductivity, a measure of the water salinity, reported in deciSiemens per mete  r at 25°C (dS/m) or in units
millimhos per centimeter (mmho/cm). Both are equivalent. TDS is reported in mg/l.

3 For surface irrigation, most tree crops and woody plants are sensitive to sodium and chloride; use the values shown. Mostan nual
crops are not sensitive; use the salinity tolerance tables ( Ayers & Westcot Tables 4 and 5). For chloride tolerance of selected fruit
crops, see Ayers & Westcot, 1994, Ayers & Westcot Table 14. With overhead sprinkler irrigation and low humidity (< 30 percent),

sodium and chloride may be absorbed through the leaves of sensitive crops. For crop sensitivity to absorption, see Ayers & Westcot,
1994, Ayers & Westcot Tables 18, 19 and 20.

4 For boron tolerances, see Ayers & Westcot, 1994, Ayers & Westcot Tables 16 and 17.

5 NOs -N means nitrate nitrogen reported in terms of elemental nitrogen (NH4 —N and Organic-N shouid be included when wastewater
is being tested).

In the area surrounding the Elk Hills field, TDS concentrations in Tulare groundwater also
are naturally high (Exhibit 29). Regional studies of groundwater in the western San
Joaquin Valley confirm that high concentrations of salts in Tulare groundwater are the
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result of: 1) naturally saline, connate waters; 2) migration of brines from deeper zones by
the same processes that caused local petroleum occurrence s; 3) agency-permitted surface
and subsurface disposal of briny produced water; and 4) enclosed groundwater basin

geometry (Western Oil and Gas Association, 1983; Bean & Logan, 1983; Weddle, 1968).

4. Salinity Calculations!®

Calculations of salinity in the Elk Hills field follow  guidelines published by the EPA
(Davis, 1988) . The Humble equation was selected because its critical parameters ,
including deep resistivity and density porosity , are available for the calculations.  Also
known as the RP Method, the Hum  ble equation is the most widely -used formula for
unconsolidated sands (Davis, 1988) that are typical of the Tular ¢ Formation. Discussion
of the method used for salinity calculations is included in Exhibit 30.

Direct samples of water salinity are availableonly from a small group of wells at Elk Hills.
In general, these wells are former Tulare water source wells. Water quality was sampled
in order to analyze compatibility of Tulare groundwater with Miocene Stevens zone
waterfloods. Most of these wells do not have full geophysical log suites. However, more
recent nearby development wells or water disposal wells do have complete log suites.
Therefore, it is possible to compare sampled water salinity to calculated salinity.

A limitation of this analysis is that the former Tulare water source wells were completed
over a very long interval. As a result, multiple intervals of varying calculated salinities are
present within the borehole and contribute to the groundwater sampled.

Well 48-9G has some of the best water salinity information at Elk Hills. Two intervals in
the lower Tulare were tested: an upper interval from 595 to 935 feet, and a lower interval
from 1,040 to 1,275 feet ( Exhibit 30). Two water samples from the upper interval had
salinities of 7,453 and 7,168 mg/l TDS. Three samples from the lower interval, taken over
a week-long period, changed from 12,647 to 9,926 ppm TDS. The change in salinity may
be caused by increased flow from more permeable sands having lower salinity. ~ Three
nearby wells, located within 600 feet of 48 -9G, were selected for calcu lation of salinity .
The three wells record a progressive increase in salinity, from shallow to deep, generally
ranging from about 6,000 mg/l TDS at about a measured depth of 600 feet to greater than
13,000 mg/1 TDS near the base of the Tulare For both the upper and lower tested intervals,
all sampled formation water salinity measurements f ell with in the range of ca lculated
salinity values in stratigraphically  equivalent intervals, and the principle that salinity
increases with depth in the Tulare Formation is well-established in this example.

16 This discussion of salinity calculations and all of Exhibit 30 were prepared by Mr. Stephen A. Reid of OEHI,
California-licensed Professional Geologist No. 3876.
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Three Tulare water source wells have measurements of formation water salinity and also
have nearby wells with modern geophysical suites th at permit the calculation of salinity
using the Humble equation. Wells 45WS-18G and 86W -18G were completed over an
interval of more than 1,000 feet and have measured salinities of 4,700 to 5,800 mg/l TDS
(Exhibit 30). Nearby wells, which are located within 1,700 feet, have calculated salinity
values that bracket the measured values. Likewise, well 284WS-13B had an initial salinity
test of 5,744 mg/l TDS initially but declined to 4 ,500 mg/l after a year ( Exhibit 30).
Calculated salinity in nearby well 54WD-13B, located 1,580 feet west, ranges from 4,000
mg/l TDS in the shallow interval to 5,000 mg/l in the deep. The occurrence of initially
higher salinity in tests is attributed to contributions of  formation water from below the
calculated zones in the nearby well. Over time, shallower and more permeable zones began
to dominate production in the water source well. Just as in the structurally higher parts of
Elk Hills, salinity increases with depth in the flank areas as well.

Elk Hills calculated salinity data compare closely to actual measured groundwater samples,
or, more frequently, calculated values are less than actual groundwater sample values, with
the error amount up to 30%. In no case do calculated values exceed actual groundwater
samples values by more than 1%. The error may be caused by the large amount of open
interval and that deeper, higher salinity formation water makes up a significant portion of
the sample. In wells with more restricted sample intervals such as 489G and 82-2B, errors
ranged from 6 to 21%. This amount of error is consistent with that noted by Davis (1988).
Based on this comparison, calculated salinity is equal to or less than values from actual
tested groundwater samples.

Calculated salinity values of groundwater-bearing intervals of the Tulare Formation show
a trend of increasing salinity with depth. Salinity in the upper Tulare on the flanks of Elk
Hills has values between 3,500 and 6,000 mg/l TDS. Calculated salinities in sand intervals
below the Amnicola claystone range from 6,000 to 24,000 mg/l TDS. Salinity in at least
the lowermost 240 feet of the basal Tulare is greater than 10,000 m g/l TDS. This
calculation of high salinity is confirmed by formation water tests in well 48 -9G.
Comparison of calculations using the RP method, or Humble equation, and formation water
tests shows that calculated salinity is equal to or less than the actual groundwater analyses,
but the underestimation error is no more than 21%.

H. YIELD OF GROUNDWATER
1. Permeability

Conventional core analyses from wells  in the Elk Hills field were used to determine
permeability in the Tulare Formation. Based on Tulare sand and sandstone units in the
Bechtel UONPR #1 CH-27R and the Williams Brothers 36 -30R, the average vertical and
horizontal permeabilities are 1,314 millidarcies (md) and 2,723 md, respectively (Exhibit
31-1). The range of permeability is quite large  because of the poor sorting o f the non -
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marine Tulare sediments. The permeability of these units is believed to be representative
of Tulare injection zones.

In the clay, silt, and siltstone units of the Tulare Formationghe vertical permeabilities range
from <0.1 to 1.0 md and averages 0.7 md (Exhibit 31-2). The low vertical permeabilities
of the fine-grained Tulare units demonstrate that these zones would act as effective barriers
to upward migration of fluids.

Permeabilities in the area of section 30R, where the Tulare produced oil, were analyzed by
Bergeson (1988). The whole curve average of 159 conventional core and sidewall samples
was 434 md ( Exhibit 31-3). In a 15 -foot interval of “good” Tulare oil sand, the a verage
permeability was 374 md.

2. Porosity

The porosity of the Tulare Formation was based on analyses of conventional core analyses
from two wells in the Elk Hills field. Thewerage porosity of the Tulare sand and sandstone
units, which is considered to  be representative of Tulare injection zones, 1is 35.8% and
ranges from 12.3% to 44.2% (Exhibit 31-1). The clay, silt, and siltstone units of the Tulare
Formation have an average porosity of 30.7% and ranges from 24.9% to 38.6% (Exhibit
31-2).

Porosity also was analyzed in the area of section 30 R, where the Tulare produced o il
(Bergeson, 1988). Based on 159 conventional core and sidewall samples, the whole curve
average was 38.0% and 38.7% in a 15-foot interval of “good” Tulare oil sand (Exhibit 31-
3).

3. Sand Identification

Sand can be readily identified on logs as those intervals having spontaneous potential
deflections to the left and resistivity deflections to the right (Exhibit 18; Exhibit 21).

4. Fluid Levels

Initial static fluid levels from wells on the south flank of Elk Hills ranged from 247 feet to
323 feet (Table 4).
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Table 4: Initial Static Fluid Levels in South Flank Area Wells

Well No. Elevation (feet MSL)

84WS-13B 252 1979
284WS-13B 255 1990
43WS-13B 284 1992
82WS-14B 323 1980
282WS-14B 289 1990
48-9G 273 1978
5TWS-9G 305 1979
86WS-18G 247 1982
45WS-18G 250 1991

(Source: Phillips, 1992)

I. TULARE OIL AND GAS PRODUCTION

Oil and gas in the Tulare Formation occur in both commercial and at the time, sub-commercial
quantities in several areas of the Elk Hills field:

¢ Oil production: Abandoned wells in the 30R area near the western side of the field, shown
within the green box in Exhibit 32-1.

e Active gas production: 461-31S area in the central area of the field (Exhibit 1). Production
data for this well can be accessed using the following link:

http://opi.consrv.ca.gov/opi/opi.dll/WellFrame?UsrP_ID=100237135&PWT_ID=10
0260528&PWT__ WellTypeCode=OG&StartRow=4601&SortFields=WMtr_Operato
rWellNumber&NewSortFields=WMtr OperatorWellNumber&FormStack=Main%2C
Field%2CWellList&PriorState=FIld  Code%3D228&UsrP_RecentYearFirst=1

¢ Shut-in gas production: Well 456-28R in the west-central area of the field , shown in the
red in Exhibit 32-1.

A summary of Tulare production data in the Elk Hills field is provided inTable 5. Cumulative
production from the Tulare Formation in the Elk Hills field is 17,657 bbls oil and 282,094 Mcf
gas. Hydraulic fracturing has not used in the past for Tulare oil and gas development and is
not planned to be used in the future because it would have no benefit to petroleum production.
Detailed maps of Tulare petroleum occurrences in Exhibit 32 were based on analyses and/or
descriptions of conventional and/or sidewall cores and log data.
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Table 5: Tulare Oil and Gas Production and Shows

Vear

1960 | 5-6-15Z: Tested Tulare from 932’ to 973’ in the Railroad Gap field, located about 0.5
mile west of the Elk Hills field administrative boundary. Produced a peak gas of 642
Mcf gas/day. Shut-in in 1964; plugged 1967.

1975 | 1975 discovery of Tulare oil in the 46-30R well, as cited in the 1998 version of the
DOGGR’s California Qil and Gas Fields (Exhibit 6).

1978 | 48-9G: Tested Tulare (585’-12757) for potential water source well Had slight gas blow
during swabbing; set unit and pump-tested for 2 months. Cumulative gas production:
13,878Mcf. Formation water rate too small for source well. Plugged well in 1999.
1984 | Tulare steam cycle pilot, 30R area, 6 wells . Coring data showed oil saturation |
produced small oil rates during pilot. All wells plugged.

26NE-30R: 318 bbls oil, no gas 26E-30R: 1780 bbls oil, no gas
27NE-30R: 654 bbls oil, no gas 36-30R: 71 bbls oil, no gas

36E-30R: 6291 bbls oil, no gas 36NE-30R: 3822 bbls oil, no gas
46-30R: 4721 bbls oil, no gas

2007 | 461-31S: Opened Tulare (692°-830"). Still producing commercial gas. Latest test: 0
bbls oil / 0 bbls water / 131 Mcf gas/d. Cumulative gas production: 282 MMcf.

2008 | 456-28R: Recompleted as gas producer in the Tulare (848°-9817). Currently idle.

The occurrence of producible hydrocarbons in local areas of the Elk Hills field would justify
an aquifer exemption based on 40 CFR §146.4(a)(3) because it is hydrocarbon -producing or
can be demonstrated by the permit applicant as part of a permit application for a Class 11
operation to contain minerals or hydrocarbons that, considering their quantity and location, are
expected to be commercially producible.  The Tulare Formation in the Elk Hills field has
produced oil since 1975 and was documented as a March 1975 discovery in the DOGGR’s
1998 version of  California Oil and Gas Fields ~ (Exhibit 6). Although the March 1975
discovery pre-dates the DOGGR’s April 1981 Primacy Application, the Tulare Formation in
the Elk Hills field was not included as an exempt aquifer based on hydrocarbon production.

It 1s important to note that the Tulare Formation historically has not been the main target of
exploration and development in the Elk Hills field and therefore has relatively little data, such
as geophysical logs, mud logs, or cores, to evaluate its commercial potential. Although its past
production history and oil and gas shows are good indicators , the commercial oil and gas

potential of the Tulare Formation will depend on evaluation of this zone during future drilling.

Commercial and sub -commercial quantities of hydrocarbons render the Tulare groundwater

unfit for MUN, AGR, and IND uses and contribute to the economic infeasibility of treating it
for use as drinking water , indicating that it should be classified as Class III groundwater, or
groundwater that is not a source of drinking water, as discussed in Section L of this document.
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J. DISPOSAL ACTIVITIES IN WITHIN THE AREA OF REVIEW
1. Class I Non-Hazardous Injection Operations

The EPA has referred to and treated the Tulare Formation in the Elk Hills field as an exempt
aquifer by when it authorized Class I non-hazardous injection in two Tulare disposal wells
for Elk Hills Power, LLC, under UIC Permit #CA200002 (Exhibit 14-1, -2, -4, and -5). In
addressing public comments received during the review process, the EPA wrote that it «“...
had made the determination that the Tulare Formation within the Area of Review is an
exempt aquifer” (Exhibit 14-3). The area of review for the Elk Hills Power UIC permit
was in section 18G, which has Tulare groundwater that is comparable in its poor quality to
other areas of the Elk Hills field.

The original UIC permit, dated February 21, 2001, was for Elk Hills Power wells 15-18G!’
and 35-18G. The permit was modified on June 3, 2004, to authorize two additional Class
I non-hazardous injection wells, 25A-18G and 35A-18G (Exhibit 14). Nearly 35 million
bbls of industrial, nonhazardous fluids produced during the operation of the  electrical
power plant were injected into the Tulare Formation in the 18G area.

2. Class II Injection Operations

The Tulare Formation has been described as an exempt aquifer by the DOGGR ( Exhibit
14-9) and used extensively for permitted injection operations in the Elk Hills field as well
as in adjoining fields. In the Elk Hills field, the Tulare Formation has been used since July
1981 for injection of produced water. Two Class I UIC injection projects, #22800002 and
#22800022, and several project expansions were permitted by the DOGGR for Tulare
disposal operations in the Elk Hills field ( Exhibit 14; Table 6). Injectate consists of
produced water from the Shallow Oil Zone and the Stevens sand. Concentrations of TDS,
chloride, and iron in the injectate significantly exceed the secondary MCLs for drinking
water, and boron exceeds regulatory thresholds for human health, agricultural uses, and
livestock watering, shown in red in Table 6. Since July 1981, more than 1,063,396,000
bbls of injectate have been disposed in the Tulare Formation through more than 130
wastewater disposal wells (Table 7; Exhibit 14).

1715-18G in the UIC permit of 2/21/01 has the same location as the 258G well in the modified UIC permit of 6/3/04.
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Table 6
Class II UIC Injectate Data

Permit Project Name, Zone, and Injectate | TDS Cl Fe B
No. Location Source mg/l mg/l mg/l mg/l

Tulare Water Disposal hall
Sec. 12B and 13B Shallow
22800002 ’ Oil Zone; | 28,000 | 16,000 | 100 76
Sec. 247
Stevens

Sec. 7G, 8G, 10G, 17G, and 18G
Lower Tulare Water Disposal

22800022 | Sec. 20G, 21G, 22G, 27G, and Stevens | 27,000 | 15,000 1.7 84
28G E

NOTES:

Data obtained from the OEHI 2011 Annual Project Reviews.

Data shown in red exceed MCLs or regulatory thresholds for human health, agricultural use, or
livestock watering.

Secondary MCLs: TDS = 500 mg/l (recommended); Cl = 250 (recommended); Fe = 0.3 mg/1.
Chloride >10 mg/l has severe restriction for surface irrigation use.

The ESL for boron in groundwater = 0.0016 mg/L

Boron >3.0 mg/l has severe use restrictions for irrigation.

Table 7: Tulare Disposal Volumes

Year l Disposal Volume (bbls)

1980 0
1981 2,149 817
1982 10,975,563
1983 14,019,377
1984 14,056,873
1985 17,870,990
1986 17,259,402
1987 25,263,957
1988 28,367,531
1989 32,356,682
1990 32,249 891
1991 29,862,723
1992 27,936,213
1993 30,802,504
1994 31,266,415
1995 28,989,662
1996 26,053,964
1997 21,708,305
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Year { Disposal Volume (bbls)

1998 20,316,512
1999 14,481,234
2000 18,544,647
2001 19,686,031
2002 26,958,706
2003 33,667,630
2004 23,257,711
2005 30,977 347
2006 41,605,661
2007 56,500,291
2008 59.315,147
2009 52,931,620
2010 53,974,091
2011 70,104,802
2012 70,363,628
2013 68,017,029
2014 11,504,209

Total J 1,063,396,165

3. Surface Disposal Operations

Agency-permitted s umps are used to dispose of wastewater during upset conditions
through a combination of evaporation and percolation. One lined sump is located on
alluvial sediments, and therest are on the Tulare Formation (Exhibit 33; Exhibit 15). Active
sumps are operated under Regional Water Quality Control Board Waste Discharge
Requirements Order #58-491. A table summarizing the locations, types, and s tatus of the
sumps is provided in Table 8.

As discussed in Section G, a regional groundwater study was doneto  investigate the
geologic and hydrogeologic conditions in western Kern County and the impact of oilfield
operations on groundwater quality (Western O1 1 and Gas Association, 1983) . The 1983
study indicated that: ““.. natural salts have been concentrated in some specific areas where
deep percolation from agricultural production and/or water disposal has provided the fluid
path to groundwater ” and that “.. oilfield waste disposal is a likely contributor where
concentrations of boron, nitrate and chloride are found.”
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Section 7R

Table 8

Sump Data within the Area of Review

2 pigging sumps

Section &R

1 pigging sump

Section 9R

1 pigging sump

Section 15R

1 pigging sump

Section 18R

Section 26R

Section 27R

Section 247

Section 267

Section 27S

b | et | ON | DN

Section 34S

1 pigging sump

Section 35S

Section 1G

Section 7G

Section 9G

Section 10G

D |

4

Section 18G

1 lined 5

Total

11 18 16

K. OTHER INFORMATION RELATIVE TO AQUIFER

1.

Distance to Existing Towns

The Tulare aquifer exemption area is located on the southwestern side of the San Joaquin

Valley in a remote, unincorporated part of Kern County.

towns are:

Buttonwillow:

Tupman:
Dustin Acres:
Derby Acres:
McKittrick:

The five nearest surrounding

5 miles to the north

0.5 miles to the northeast
0.5 miles to the south

3.5 miles to the southwest
2.5 miles to the west

Other towns within the area of review are shown m Exhibit 1.

Ownership and Types of Land Use within the Area of Review

Land within the Tulare aquifer exemption area

is owned both privately and federal ly

(Exhibit 34). The Tulare aquifer exemption area is zoned as Exclusive Agriculture (A),
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Limited Agriculture (A-1), Medium Industrial Precise Development (M-2 PD), and Estate
Residential Suburban Mobile H ome [E (1) RS MH] (Exhibit 35; Kern County Planning
Department, 2014). Growing and harvesting crops as well as breeding and raising animals
are allowed in the A and A -1 zones. The purpose of the A District is to designate areas
suitable for agricultural uses and prevent incompatible uses from encroaching and
prematurely converting these lands to non  -agricultural usage. Land zonedas A -1 s
designated as suitable for a combination of estate  -type residential development,
agricultural uses, and other compatible uses. A map of agricultural land usage in the Tulare
aquifer exemption area is provided in Exhibit 36.

A review of a Kern County Geographic Information System (GIS) map of the Tulare
aquifer exemption area indicates that land is mostly undeveloped and used primarily for
oil field operations (Exhibit 37). There does not appear to be any irrigated farmlandwithin
the area of review, except for a small corner of 13G.

3. Population and Water Usage

The Tulare aquifer exemption area liesentirely within the boundaries of the WKW Dexcept
for one area that is not part of the WKWD or any other local water district ( Exhibit 38).
The WKWD serves the cities of Taft and Maricopa as well as McKittrick, Ford City, and
other Westside communities near the Tulare aquifer exemption area. It sells waterto  a
permanent population of about 18,600, with about 7,400 service connections, of which
about 7,000 are for domestic users. The area served by the WKWD  covers about 300
square miles (Kern County Water Agency, 2011).

Total annual water use in the WKWD in 2010 was 24,729 acre-feet, or 216 gallons per
capita per day, including significant quantities of water used by industries in the district
(West Kern Water District, 2011). About 80 percent of the WKWD’s water sales are to
industry, and the remaining 20% are domestic water sales. It also supplies some water for
landscaping and recreational use.

4. Availability of Alternate Surface and Groundwater Sources

The WKWD contracted with the KCWA 1n 1966 to deliver water from the SWP via the
California Aqueduct. Since 2002, the WKWD has had a SWP entitlement of a maximum
31,500 acre -feet per year, with an additional 10,000 acre -feet per year under the
interruptible SWP contract when high -flow water is available from the Delta. The high-
flow water typically 1s purchased by the WKWD for its groundwater banking program.

The WKWD has two turnouts along the California Aqueduct but only uses one to deliver
untreated water to industrial customers OEHI and La Paloma Generating Company, LLC
(LPGC). A maximum of 6,500 acrefeet of water can be used byLPGC. However, because
LPGC has historically used less than the maximum, the WKWD has been able to use the
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remainder for groundwater recharge or exchange with other entities. Except for the
delivery of untreated water from the California Aqueduct to LPGC, surface water is not
used directly by the WKWD as a domestic water supply source (West Kern Water District,
2011).

The majority of the WKWD’s SWP water is received through an in -lieu groundwater
pumping/groundwater banking exchange with the Buena Vista =~ Water Storage District
(BVWSD)!®. The BVWSD receives water from the Kern River, the SWP, and local
groundwater wells. The exchange between the BVWSD and the WKWD involves the
BVWSD taking WKWD SWP water rather than producing groundwater from  its wells.
The WKWD then can either pump or bank the equivalent amount of SWP water used by
the BVWSD. In wet years, when the BVWSD can meet its water demands from the Kern
River, it does not have to take SWP water from the WKWD. Instead, the SWP water is
delivered to the WKWD groundwater recharge area and credited to its banking program.
Because the WKWD has historically needed less water than the SWP water  exchanged
with the BVWSD, it has banked any surplus water. For the period from 1977 to 2010, this
surplus averaged 17,418 acre-feet per year. At the end of the 2010 water year, there was a
total surplus of 208,157 acre-feet, including 31,483 acre -feet owed to the WKWD from
other agencies (WKWD, 2011).

The WKWD’s domestic water needs  also are supplied by the South W ell Field near
Tupman, located about two miles northeast of the Elk Hills Tulare aquifer exemption area,
and the new North Well Field, located about 4.5 miles to the north (Exhibit 1). The South
Well Field and recharge ponds are located adjacent to the Kern Water Bank recharge area
(Exhibit 1). Well depths in the Tupman well field range from 650 to 850 feet. The total
peak production capacity is 99 acre -feet per day, but the maximum usage is 61 acre -feet
per day (West Kern Water District, 2011).

Based on historical usage, the WKWD and the BVWSD entered into an agreement in 1965
that allows the WKWD to pump a maximum of 3,000 acre-feet annually from the Tupman
well field. This water cannot be banked and is used preferentially in any given year. The
WKWD is required to recharge t he groundwater basin for amounts pumped in excess of
3,000 acre-feet annually. At the end of the 2010 water year, the WKWD had an estimated
176,674 acre-feet of banked water.

The WKWD also has undertaken a new recharge and recovery project, referred to as the
North Well Field Project (Exhibit 1). Water production capacity is expected to increase
from the current 55,000 acre -feet to 100,000 acre -feet. The WKWD’s webs ite provides
the following discussion on the new well field (http://wkwd.org):

“The latest development The WKWD’s North Well Field Project involves the
construction of a new well field located on the axis of the Kern River between

18 The location of the BVWSD is shown onExhibit 1.
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Interstate 5 and the California Aqueduct, which encompasses roughly 1000 acres.
It will allow the District more flexibility and reliability in the development of its
water supplies. Historically, the District has been entirely dependent on a single
well field location to meet its water demands. In recent years, groundwater levels
have seen great declines due to increased pumping to make up for the reductions in
our annual State Water Project water supplies, and this newly acquired North Well
Ficld Location allows the District access to an additional 100,000 acre -foot block
of stored groundwater underneath the project location. In addition, the project
provides additional wells that allow for redundancy and flexibility in our water
production operations. The first phase of the project involves the construction of
water wells and pipelines and is scheduled to become operational by the end of
2011. A subsequent phase calls for additional pipelines that should further increase
operational flexibility.”

There is an additional operating agreement between the WKWD and the KWBA for
pumping and recharge activities. An opportunity also exists for the WKWD to connect to
three KWBA water wells, which were permitted for use by both the WKWD and the
KWBA. This potential water transfer would be as much as 12,905 acre-feet.

As discussed in its 2010 Urban Water Management Plan, the WKWD’s water needs in the
Tulare aquifer exemption areawere believed to be adequately served by existing and future
sources for the following reasons:

e Current demand 1s well below production capacity;

o Since the 1970s, the WKWD’s water needs have been less than the SWP supplies
delivered via the exchange with the BVWSD;

o The WKWD has banked an average of 17,418 acre -feet of surplus water annually
from 1977 to 2010;

e The new North Well Field is expected to nearly double production capacity in the
WKWD:

e The WKWD did not believe that desalination of brackish water or groundwater vas
practical and has no current plans to pursue this method of treatment.

5. Geology, Including Any Unusual Conditions

The Elk Hills field is located within an area of the San Joaquin Basin which has only
interior drainage and no appreciable surface or subsurface outflow The Kern River, which
1s the primary source of surface water and fresh groundwater in the area, drains to the

southeast and terminates near the northeastern side of the Elk Hills field. Precipitation in
the Elk Hills area averages about 5.8 inches annually, with an average pan evaporation rate
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of about 108 inches per yearin the Buttonwillow area®. As a result almost no groundwater
from precipitation recharges groundwater, causing salts to become more concentrated over
time and potentially resulting in high TDS concentrations.

Surface geologic mapping indicates that only Recent alluvium and Tulare Formation occur
within the Elk Hills Tulare aquifer exemption area (Exhibit 15). With depth, groundwater
comes into direct contact with the marine  San Joaquin Formation , which causes the
groundwater to become naturally more saline.

6. Aquifer Interconnection with Surface and Fresh Waters within the Area of Review

The Tulare aquifer exemption area lies within the Tulare Lake Hydrogeologic Basin, which
is a closed, northwesterly-trending basin in the southern San Joaquin Valley. To the north
and northeast of the Elk Hills field, he Kern Riverin the San Joaquin Valleyis the primary
source of groundwater recharge. Mounding occurs along the axis of the river and flattens
laterally. Streams in the Temblor Range to the east of Elk Hills drain southeasterly toward
Buttonwillow, which lies north of the Elk Hills field, and into the McKittrick Valley, which
lies to the southwest. None of the ephemeral streams that drain the eastern slopes of the
Temblors carry potable water because they cross marine sedimentary rocks from which
high concentrations of TDS are acquired (Maher, 1975).

Within the Elk Hills field, ephemeral streams drain toward the San Joaquin, McKittrick,
and Buena Vista valleys (Exhibit 2; Exhibit 15). There are no intermittent drainage courses
in the Elk Hills field which meet the requirements for navigable waterways under Section
404 of the Clean Water A ct. There are no known natural springs or other continuous
sources of natural recharge within the Elk Hills field.

Aquifer interconnection between any surface water and Tulare groundwater within the area
of review is unlikely because there are no known bodies of surface water or naturally-
occurring fresh water?® or springs within the area of review (Phillips, 1994; Exhibit 2;
Exhibit 15; Exhibit 16; Exhibit 29).

The interconnection of the Tulare Formation with naturally -occurring fresh water in Elk
Hills 1s believed to be unlikely because precipitation in th is area averages only about 5.8
inches annually, with an average annual pan evaporation rate of about 108 inches in the
Buttonwillow area?!. Consequently, almost no groundwater from precipitation is available
to recharge groundwater. Within the Tulare Formation, low -permeability silts, siltstones,
clays, and claystones can separate sands and gravel s and act as groundwater barriers
between zones having distinctly different salinities as well as seals for petroleum

¥ Information Sheet on the Regional Water Quality Control Board website for Clean Harbors Buttonwillow, LLC.
20 Defined as TDS <3,000 mg/L
2! Information Sheet on the Regional Water Quality Control Boad website for Clean Harbors Buttonwillow, LLC.
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accumulations. However, the degree of interconnection between the Tulare Formation
along the northeastern flank of the Elk Hills Tulare a quifer exemption area and shallow,
fresh groundwater, especially for the WKWD well fields that are located a minimum of
two miles to the northeast and 4.5 miles north, is not well understood. Consequently, the
northeastern flank area have been excluded from this document.

Within the 26R area, a leak from a utility water line in section 26, which has since been
taken out of service, is believed to have been the source of non-naturally occurring fresh
water in the unsaturated upper Tulare zone (Exhibit 39). However, the unsaturated upper
Tulare zone is not part of the aquifer exemption interval.

L. ECONOMIC EVALUATION OF TREATING MCKITTRICK AREA GROU NDWATER
FOR DRINKING WATER

On behalf of LPGC, Kennedy/Jenks Consultants prepared a technical and economic feasibility
evaluation of treating Tulare groundwater in the McKittrick area for use as drinking water.
The LPGC is located in the Asphalto field, which iadjacent to the Elk Hills field. The purpose
of the report titled , “Evaluation of Economic Feasibility of Treating McKittrick Area
Groundwater for Use as Drinking Water ,” and dated March 2002, was to evaluate whether
McKittrick area groundwater could be d esignated as Class Il water, defined as groundwater
not a source of drinking water. Groundwater can be designated as Class I water if there is:

“Contamination, either by natural processes or by human activity (unrelated to a specific
pollution incident ), that cannot be cleaned up using treatment methods reasonably
employed in public water-supply systems.”

The Class III designation is based on a socioeconomic evaluation of the benefits and costs of
groundwater protection. The economicinfeasibility of treating groundwater for drinking water
1s assessed by a comparison of the cost to treat McKittrick groundwater to the current potable
water treatment cost in the area. Inthe  Kennedy/Jenks evaluation, groundwater would be
classified as Class II if the cost of developing, treating, and delivering the water is : 1) more
than 0.4% of the median annual income per household in the area,  2) exceeds 100% of the
current annual water  treatment rate, or 3)exceeds the ninetieth percentile economic
untreatability threshold. The economic feasibility study had the following findings (Exhibit
40):

e A sample of McKittrick area groundwater had high concentrations of TDS (6,100 mg/1),
boron (21 mg/l), sulfate (1,200 mg/l), chloride (1,600 mg/1), and hardness (1,100 mg/1).

o Tulare groundwater in the McKittrick area cannot be treated by treatment technologies by
methods employed in public water systems or methods known to be used in a limited
number of cases.

o Using reverse osmosis (RO) technology , McKittrick area Tulare groundwater treatment
was estimated to cost $34,500 per acre-foot for a system with adesign flow rate 0f 165,000
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gallons per day ( GPD) and $5,800 per acre -foot for a system with a rate of 2.85 million
gallons per day (MGPD). Potable water treatment in the McKittrick area 1s $500 per acre-
foot. The small and large RO treatment systems would be about 70 and 10 times ,
respectively, more than the current potable water source.

e Forthe 165,000 GPD and 2.85 MGPD systems, the cost to treat McKittrick area
groundwater was about 75% and 13% |, respectively, of the annual McKittrick area
household income. These costs exceeded the EPA’s Class III guideline that the per -
household share of treatment cost should not be more than 0.4% of the area per-household
income.

¢ A second EPA economic threshold is that increase in annual water cost per household

should not exceed 100%. In the Kennedy/Jenks study, t he annual water cost per average
household in the McKittrick area  was $255.  The increase in annual water cost per
household to treat Tulare groundwater in the McKittrick arca w as $17,345, or a bout
6,800% increase, for the 165,000 GPD system and $2,695, or a 1,0 60% increase, for the
2.85 MGPD system. Because costs for both systems are significantly greater than the
EPA’s economic criteria of no more than a 100% increase, the economic criteria for the
Tulare groundwater in the McKittrick area being classified as  Class III groundwater , or
groundwater not a source of drinking water, was met.

¢ Because the two EPA criteria for economic infeasibility were met, it was concluded that
McKittrick area groundwater should bedesignated as Class I1I, or groundwater not a source
of drinking water.

The June 1998 EPA guidelines for classifying groundwater also have an economic
untreatability threshold based on the annualized total costs of replacement or hypothetical
systems that exceed the costs faced by 90% of community water -supply system users (U.S.
Environmental Protection Agency, 1988). This ninetieth percentile economic untreatability
threshold is calculated using the following equation:

Threshold = [(-200.255) x Log (Size)] + 1,248.727
Where:
Threshold = Threshold cost in dollars per household per year
Size = User population, in individuals

For a McKittrick area population size of 22,000:
Threshold = [(-200.255) x Log (22,000)] + 1,248.727
= $379.14

The Kennedy/Jenks study calculated increases in costs of $17,345 per household for the
165,000 GPD small system and $2,695 per household for the 2.85 MGPD large system are
significantly in excess of the ninetieth percentile economic untreatability threshold of $379.14
per-household by a factor of about 46 and 7 times, respectively. Because this EPA economic
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untreatability guideline also was met, McKittrick area groundwater was demonstrated to be
classified as Class I1I, or groundwater not a source of drinking water.

Mr. Fernando Granizo, a n OEHI facilities engineer , reviewed the Kennedy/Jenks study to
determine if water treatment costs would still be relevant SJEC provided updated information
on median household income, number of persons per household, per capita water usage, and
households/population served. OEHI concluded that the economics of the earlier study were
relatively comparable and that the cost to treat Tulare groundwater in the Elk Hills field for
use as drinking water would still be economically infeasible.

Tulare groundwater in the Elk Hills field contains high concentrations of TDS, iron, chloride,
sulfate, boron, and sodium, which are comparable to the McKittrick area groundwater in the
Kennedy/Jenks report (Table 9). However, it also locally contains hydrocarbons and
strontium, as well as a high concentration of lead, all of which would need to be treated before
being used as drinking water. These additional sources of contamination in Elk Hills Tulare
groundwater, as discussed in Sections G, I, and J of this document, would increase treatment
costs and, consequently, increase the economic infeasibility to treat it for use as drinking water.
For this reason, the Tulare groundwater in the Elk Hills field should be considered as Class III
groundwater. It is believed that the Tulare groundwater has a low resource value except  for
use in Class I non-hazardous and Class IT UIC ijection operations.

Table 9
Comparison of Tulare Groundwater in the Elk Hills Field and the McKittrick Area

Costifient Tulare Groundwater Tulare Groundwater
McKittrick Area (mg/l)* Elk Hills Field (mg/l)

Lead <0.05 0.0208

Selenium <0.05 Below Amnicola claystone: 0.720
Iron 0.56 <0.1 to 37

TDS 6,100 4,150 to 8,720

Below Amnicola: 7,168 to 20,000

Chloride 1,600 1,000 to 6,049.5

Sulfate 1,200 840 to 1,800

Boron 21 3.7t0 10.0

Sodium 1,300 856 to 1,800

Strontium Not analyzed 50t06.38
Hydrocarbons Not analyzed Variable
* See Exhibit 40.
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M. CONCLUSIONS

e The WKWD, the local water district within the area of review, has declared that the Tulare
Formation in the Elk Hills aquifer exemption area does not currently serve as a source of
drinking water and will not reasonably be expected to supply a public water system.

e The Tulare Formation in the Elk Hills field has been referred to and treated as an exempt
aquifer by the EPA. On February 21, 2001, the EPA authorized Class I non  -hazardous
injection in two Tulare disposal wells for Elk Hills Power under UIC Permit #CA200002.
In addressing public comments received during the review process, the EPA wrote that it
“... had made the determination that the Tulare Formation within the Area ofReview is an
exempt aquifer.” The area of review for the Elk Hills Power UIC permit was in section
18G, which has Tulare groundwater that is comparable in its poor quality to other areas of
the Elk Hills field.  The UIC permit was modified on June 3, 200 4, to authorize two
additional Tulare injection wells. Nearly35 million bbls of industrial, nonhazardous fluids
produced during the operation of the Elk Hills Power Plant were injected into the Tulare
Formation in the southern area of the Elk Hills field.

o The Tulare Formation within the Elk Hills field has been regularly described and treated
by the DOGGR as an exempt aquifer for Class I UIC injection. Two Tulare Class 11
wastewater disposal projects and several project expansionsin the Elk Hills field have been
approved by the DOGGR. Since July 1981, more than 1.06 billion bbls of produced water
have been injected in to the Tulare Formation using more than 130 Tulare wastewater
disposal wells.

o The Tulare Formation has been used si nce July 1981 as an injection zone for produced
water. Although this post -dated the submittal of the DOGGR’s Primacy Application in
April 1981, it was 14 months before the EPA granted final approval of this primacy in
September 29, 1982. In this 14-month interim, the Tulare Formation in the Elk Hills field
was not included in the Primacy Application. As a result, it was not designated as an
exempt aquifer based on being a non -hydrocarbon producing zone used for wastewater
disposal when the DOGGR-EPA MOA was approved in September 1982.

¢ Oil has been produced from the Tulare Formation in the Elk Hills fieldsince 1975 and was
documented as a March 1975 discovery in in the DOGGR’s 1998 version ofCalifornia Oil
and Gas Fields. Although this pre -dates the DOGGR’s April 1981 Primacy Application,
the Tulare Formation in the Elk Hills field was not included as anexempt aquifer based on
hydrocarbon production when the DOGGR-EPA MOA was approved in September 1982.

e TDS concentrations in Tulare groundwater within the area of review are more than 3,000
mg/l and can range up to 20,000 mg/l below the Amnicola clay stone in areas of the Elk
Hills field. Where TDS concentrations exceed 10,000 mg/1, the Tulare Formation does not
meet the definition of a protected ~ USDW and therefore is an exempt aquifer . High
concentrations of lead, iron, TDS, chloride, sulfate, boron |, and sodium in Tulare
groundwater result mainly from naturally-occurring sources and its use a disposal zone in
Class I UIC injection operations.
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o Tulare groundwater is unfit for municipal and agricultural uses because it has: 1) a lead
concentration that exceed s the California Title 22 primary MCL for drinking water; 2)
concentrations of TDS, chloride, and sulfate in excess of secondary drinking water
standards; 3) boron, strontium, and sodium concentrations that are significantly higherthan
regulatory thresholds for human health, agricultural uses, and/or livestock watering ; 4)
petroleum in local areas of the field ; and 5) iron concentrations that are v ariable but can
occur in excess of the secondary MCL for drinking water.

o The EPA criteria for economic infeasibility of treating Tulare groundwater in the
McKittrick area for use as drinking water were met because treatment costs: 1) were more
than 0.4% of the median annual income per household in the area; 2) exceeded 100% of
the current annual water rate; and 3) w ere greater than the ninetieth percentile economic
untreatability threshold of $379.14 per household annually.

e The Tulare groundwater inthe E lk Hills field can be characterized as Class IIl , or
groundwater not a source of drinking water, because: 1) its TDS concentrations are more
than 3,000 mg/l and less than 10,000 mg/l; 2) the EPA’s economic infeasibility criteria to
treat McKittrick area groundwater for use as drinking water are met : and 3) Tulare
groundwater in the Elk Hills area is at least as poor , and likely poorer, in quality as the
economically untreatable Tulare groundwater in the McKittrick area.

e There are no known domestic water wells within the area of review based on searches of
water well databases, review of well records, and site reconnaissance.

e According to its 1997 Groundwater Management Plan , the WKWD believed that: 1) its
supplies were adequate to meet peak  daily demands and future needs; and 2) despite
potential shortages in SWP deliveries, it did not need to pursue additional sources of water.

e The Tulare groundwater in the Elk Hills field has low resource value except for its use in
Class I non-hazardous and Class I UIC injection operations.

e Hydraulic fracturing will not be required as part of Tulare development in the Elk Hills

field.
Occidental of Elk Hills, Inc. Page 38 Tulare Zone Aquifer Exemption Document
San Joaquin Energy Consultants, Inc.- 10/2/14 Elk Hills Tulare Final 100214 Revi.docx

ED_001000_00029908-00047



Respectfully submitted,
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Donna M. Thompson

California Professional Geologist No. 5347
California Certified Hydrogeologist No. HG 241

Please note that all geologic maps, cross-sections, discussion of salinity calculations, and salinity
calculation exhibits and some discussion of groundwater characterization in this document were
prepared by Mr. Stephen A. Reid, California-licensed Professional Geologist No. 3876.
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Exhibit 1
Map of Elk Hills Tulare Aquifer Exemption Area and Well Locations
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September- 19, 2014

e Bl Penderel Bests Wiblat
Associate Ol & Gas Engineer

Pivision of Oil, Gag, and Geothermal Besources
HIC Program .
Via Email i

Gaeiwy "hann
e

Hariy 453

RE: GUCIDENTAL BLK FHLL, INC, TULARE AQUIFER EXEMPTION
DOCUMENT ELK HILES FIELD

Drear My Penderel,

On May 15, 2014 San Joaquin Energy Consultants ($JEC) on behalf of Occidental of Elk
Hills, Inc., (OFHD contacted West Kern Water District (WKWDJ, stating they were in the
process of preparing an application in the Elk Hills oilfield for an aquifer exemption
for the Tulave Formation in portions of the Bk Hills project o dllow Class 1F UL
Idection Uperations, within the WEWD service aréd,.

SIEC vequested WEWD provide the Divigion of 01l Gas and Geathermal Resources &
fetter stating the Tulare aguifer does not currently serve as a source of drinking water,
and 1t would not reasonably be expected to supply a public water system within the
proieet area s shiown in the application map Exhibit 11 {and attached),

WEWD Staff and the District's consulting hydrogeologist have reviewed water guality
data and various reports provided by SJEC within the project area and concluded the
Tulare aquifer does not clrrently serve as-a source of drinking water, and 1twould not
reastmably be expected 1o supply o publioowater svstenn b the profeet area shownoon
the application-map.

On September 15, 2014 the West Kern Water District ~ Board of Directors authorize
Seall o tssue 2 leter o the Division of Ol Gasand Gebthermal Resources stating

the Tulare aguifer does not currently serve as a source of drinking water, and it would
ot pensonably e expected to supply o public water syiter dn The priject area-as
show o the applicetion map Bdibit -1,

Should you require further correspondence regarding this subject please contact: JD
Bramiet ol moy Stalt st (6617633151,

m?rﬁly :

mz’ v Starkey
General Manager

Vilpst Wors Phiver Blutint - B00 B 5. 900 Booe VU5 el Cablforain BIERH-1308 - 0 TR0 - BRI T000E0

Declaration from the West Kern Water District
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A ing-1 41085

GBI O G T BB
RS ERBEELER

UMITED BETATES ENVIRORMENTAL PROTECTION AGENCY
B
21 E Fryenont Birent
Len Prunsiseo, La, 4105

v, Tom Cornwell - -
Western 011 snd Gas Assoclation 17wy 135

TET Went Tih Brrest
taze Angeles, Ch 50037

Bear Wr. Cormeslils

The staffz of BPr-Begion B and the Californis Division of
oil snd Ges (CDOG) bave besn mesting with mesmbers of the Wesbern
01l aml Cas hsscoiation (WOGA), the Califovnizs Indepondent
Produsers Association {(CAIPAY, and the Independent 011 Producers
Agenay [I0PE} to Jdetermine how wells injecting specific types
of il field fluids will be regelsted woader the Underground
Tatection Contrdl {0IC) program i Cslifornia.’ The purpbse of
this létter ig to olarify:

1o -how wells injecting fileer Dackwash (distomascesus
warih ar amulti-wedis fllrer Datkwashl, wabeyr
softener régensration brire, or alr scrubbey wasles
will bwe ol ified and regulpted under the WIC
progeas in Calllfornias

2. the reguirements, evapesislly the regulstory desdlines
for the submission of permir applications and inventory
information for existing wells, for different clesses
of wellsy and

G, which forsetions ldentified by CDOS i dlts primscy
ppplicetion were werifisd as Un j 2% af
Brivking Weter (USTW] and exenmpted apd which formetions
wern dete sed not btu be USDWs and 214 not peed to be
gremnted when primacy for CDOG was spproved.

o genersl, the elagsifiecstion and regulstion schese for
wells injeoving Ffilbesy backwash, water softensy regensration
brine, oy air scrubber wastes under the UIC program in Californis

igs
* wells which indect filecer backwash are Cless 11 wells and
sre regulated by CDDG
* wells which indect elither water softensy regensyation Brine
or alr scrubber wastes for the purpose of enhancing oll or
natural gas recovery are Qlazs 1T wells and are regulated
by OOy and
* yelle which indect either water softener regensration brine
Page 1 of the 5/17/85 EPA Letter
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or aly scrubbey wagtes for disposal dre %ﬁﬁh&ﬁigiﬁﬁﬁ I
or Class ¥V wells and ave regulated by EPa.

Attachment 1 provides: a precise stabtement abopt theze well
clasgifleoavionss & brief description of wach of the fluids being
injected; clerification of how welle used bo inject commingled
fluids will be regulated; and a disgren which outlines how wolls
injecting the different types of £luide will be regulated and by
whom in California,

Bome, but nobt all, of the relevant reguirementz for Class I
IT, and 11T wells under the UIC progrenm implemented io Californias
ares

* Clese T wells - for existing wells {wells in operation prior
‘ Lo June 25, 1984} complete permit
applications must be submitted to EPS by
June 25, 189685 (40 CFR 144,330l 03] and
147,2531181)

~ for pew wells, permite must be in effect
prior to any construction (40 CFR 144.113

* Clagy 1T wells » CDOG hes been delegated this portion of
the UIC program and regulates this
elass of wells

# Class W welle - for sxisting wells, B conpleted Inventory

S form and the reguired sdditional infor-
mation st be submitted to EPR by June 25,
1985 (40 CFR 144.2604101] and 247.251181}

- for new wells, & complete inventory
form and the reguired additionsl infor-
mation should be submitted to EPA
prior to constraction.

Complete permit applications for existing Cless I wells must be
submitted to EPA by June 25, 19835, Considering the delays in
classifyving wells injecting filter bachwash, waiter solteney
reganeraticn brine, or alr scorubbing waste, allowances may be
made for the submission of sdditiona) clarifying informstion
after June 25, 1985, Bowever, allowenges san only be considered
if an applicstion bas beén besn submitted by June 25, 1985 and
if the application vepresents & veaspnable and substantisl
effort toward a complete permit application,

prtechment 2 provideg the exsvt definitions for the different
classes of wells and other pertinent definitions in the UIC
program, Abtachwent 3 and & are coples of the permit applicstion
and Class ¥V Inventory Hotifiecation, respeotively.

CThers appesrs to-be some confusion aboot which formations
in oil and gas Flelds are USDEHe and which formations in oll and gus
fields are not USDWs under the UIC program. When CDOG submitted

Page 2 of the 5/17/85 EPA Letter
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5,

ite spplicebtion for the Class 11 portion of the UIC program,

it submitted information about a largs number of formations in
oil fields te be consldered for asgulier exempiions, These
Cdncluded formations which produced il or gas and formations
which 4id not prodece esoy oll or gas.  After reviewing the
information from CDOG supporting the sguifer exemptions reguests,
all forsations which were USDWs and produced oll or gas were *
ayempted but only some of the formstiong which 4ld not produce
any ©il or gas were granted sguifer euwsepiions, These latter
formations were not ekspphed becsuse the supporting informstion
domonstrated that they were nobt USDWs az delined by the UIC
program. They vielded water which had a Total Dissolved Solids
gongantration greater than 10,000 willigrans per liter.

Mpps showing the lsberal extent of any formation which wes
exempted can be found dn Californie 011 and Gus FPlelds (Volumes
Ty I%7, gnd I11) and hppendizx B of CDOG'e primacy application.
They sre svailable for weview at the EPA office in Ban Francisou
or at eny of the CDOG district offices, & list of those
formations, which did not produce any oll or gas and were
comsidersd for asquifer exemptions, is provided as Atbachment 5.
A list of thope formations, which did not produce any 0il oF ges
and which were USDWs and exemphed, iz provided ss Attachment 6.

T owould like to take this opportunity to thank thoss of
your mewpbers who met and worked with uwe to clarify these points
in the DI0 program. 12 wow bheve any further guestions or need
other polnts of clagifivation, plesse call Pete Uribe of ny
gtaff st (415) 874~-T185.

7, i
e 77
k. M

ATTACHMENTS . /
1 o= Well Classification and Hegulation Bcheme { % pages)
2 = PIC Definltions { .3 pages)
3 - peprmit dpplication {10 pages})
4 = Class ¥ Inventory Botification {7 pages)
5 ~ pist of Pormeaticons Congideresd for Exemptlon { 3 pages)
§ « List of Pormastions Exenpted { 1 page )
por MuG. Hefferd, CDOG
d. By Braden, ChIPA
Les Dlark, IOFR
Jim Corneliug, SWRCB
Bill plister, CVENODE
dohn Avchegon, EPA BG
Page 3 of the 5/17/85 EPA Letter
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ROWEYDROCARBOR-PRODUCIRG ZONE INJECTION DATA
: VOLUME
TOE OF ZONE WATER ThE OF INTECTED TINIELTY
DIsT. ¥IinLD FURMATION & ZOWE PRIOR TO IRIZCTION INJECTED WATER (Barrels) BTARTEL
i aloont Offehe Repetito 30,800
1 Huntington Beech Laskewond
Alpha 1 37,200
Alpha 2 12,500
1 Sawtells Pugnte 25500
i Beal Beach Repatia 29,700
. ’ Recent Seunds A0 260
1 Wilmington Gonpar 2,200
1 ®o River Gravels 30,800
2 Ramona Pooo 5,000 15,300 ppm Hal 1,793,000 6/51
2 South Tapo Canyon Pleo 1,800 ppm Hall 600 ppm Malll 1,903,000 1748
.2 Qat Hountaln Undiff, 4,800 23,800 ppw Hall 91,000 4/56
.2 St Benpe i, 300 25,500 ppm NaCl 595,000 6/48
3 Gundaloups ¥noxville A, 00
k1 Lwmpon Loaps 118,000
3 Laympor Enexwille 30, 500 ot
3 fussell Rench Braneh Canyon 15,000 ) e
‘3 San Ardo Banve Mavgarita 3,760 5,600 BL,800,000 11766 %‘
‘3 " Honterey "D Sand 4,600 5,600 13,795,000 7759 &
-3 ” Montersy "EY Saad &, 4t} 5608 6, 057 OO 3/68 w
b Sunta Maris Valley - Lospe-Franciscen 119,060 £
-3 Hemvoe Swell Bapts Mavgarita 3,700 pom Walll 9,600 ki 1981
3 Polnt Conception Caming Clele ) C 26,200
3 Guadalupe Franciscan 30,500
N . . . . o,
&4 Batlevis Erchepoln 26,500 (Anslysis from adiscent field) : Wﬁ
[ Bellewue, West Tulare ' 12, 000% - b
& " - . Btehegoin - 26,500 (Analvals From adiacent £leld) Q
i Bieckwell's Corner  Tumey 2,100 ~2,600% 26,000 ppm Wall 01, 000 5775 M%{
<4 Buena Vista Tulave , 200 5,300~36, 500 50,798,000 /728 L
& tul Capal Tulare-San Josguln Excens of 10,000% Py 537,000 5/79 w
4 Canfield Ranch Brebupodn =12, B00-26 %00 (Analyeils from adiscent Dlelds) Ty
2 Soe ealeulation ) ‘ ) .
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§ Fepe 2 ' ' , YOLUME , : +
b : . TOS OF ZONE WATER o8 oy masoten THR
1 DIST. ¥IELD PORMATION & Zonp PRIOR T0 INJECTION THIECTED WATER (Barrels) STaR
7
4 Horth Coles Levee Tulare 17,800
a 4 " Ban Jouguin 40, O00-45 , 600
T4 # Erohegoin 30,300
4 Zouth Coles Leves Tulare 12,000-13, 300
: & " San Jonguin 12, 000-16,500
< & Grealey Etohegoln 26, A00
iy Rern Bluff Rern RKiver = 0 400 9B (From Rern ]
River Flald) 551, 500 Tien
s & " Veddey & 7 80016, 100 " 11, 700-213,000 4,094,000 3/80
v Bern Pront Sants Margariea 2,500 1,300 : ) G775
& Rern Biver Chunern 238 wus ey 2 865 1070, 000 ’ &7 77
b " Sants Margsrita 8O0 7,600 BT G LB 00 154,994,000 alts
T b Veddopr 7,800-16, 200 EXT 1R
4 Lekealde San Joaguin 21,500
4 Los Lobos " Pulare 33, 300% .
w by Widway-Sunnat Alluwivm Ho water 3,600~ 25,700 158
Ay Hount Poso Walker 2, 800% B30~ - 1,440 22,832 000 9475
. & Hountain View Kern Hiver 4 B60R L, 200~ 4, 800 3,681,000 12765
ol Pladito Chagne & Kern River 7,900-11, 800 12, 800-30, 800 Ba%, 000 B8l1%
& Pony Cresh Vodder 12,500 -
& Bio Vielo Bay Josguin 21,000 ) b
4 Rosndole Erchegoln 26,500 {dnalyeds from adincent fleld) -
<4 Bownd Mountaln Uleone 2,000 © L, 357 1,965 29,797,000 T o
- & " Walker 830 Letn- 2,500 203,319,000 872 =
4 Seventh Brandayd Etchegoln 17,100-30,000 (Hall only) . e
- Berand Etehiegoln 8,600 (Hatl only) 1,195,000 /6% ﬁ’i
. 16,500-25,600 (MaCl only)
4 o San Joaguin 33,600 , s
3 Ten Ssotion Ban Jowguln 12,900 . i n
’ oo
5 Burrel Santa Margarita 35,000 {Analysis from Helm £ield) e
5 N Tulare-Kern River 20,500 (Analyeis from 8.5, Burrel Flnldy €
5 Southeast Burrel Tulare~Kern River 20,500 i . i o1
v 5 Coalingn Sante Merzarita 8,244 3,200- 3,500 (145,000,000 2/638 &
5 N Liebegoln-Joenliton 2,650~ %, 000 28507, 100 { Wﬁl’uw ]
5 G111 Rench Gag Eileh : L, 500 . S
VB log ealeulstion
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D way ves
Attachment 6
Page | of 1

foaaa e
Exampled 142% Demovstrabion aouifers
ALY oil ane gas producing squifers identified in Volumes I, 1%,

and II1 of the Californis 011 and Ges Pields pubmitted is the
1425 Demonsiraticon tneeo hprid 20, 1UE1 are sxempred,

In-addition, the f&llmwiﬁ@ sguifers pre also exemphed,

DISTRICT

R I o O o T )

FIELD

Ramons

Ot Mountein
Bouth Tapo Canyon
Bimi

Ban hrdo

Ban . hrde

Ban Ardo
Monroe Swell
Blackwell's Corner
Keen Bluff
Rern Pront
Earn River
Reyn Biver
Yount Poso
Bound Bountain
Bound Mountsin
Buena Viets
Kern Bluff
kern Biver
Hountaln Yiew
Pleito

Plelito

Poso Crepk
Coulings
Coalings
Guilarrel Hille
Helm
Biverdsie
Turk Antieline
Bubter Butles
Gas

Bunker Can
WLid Coose

*0il and/or gas producing

Flen

Undite,

Bion

Bespe

Sants Wargarits .
Bonbersy "D" sand
Montavey "B Sand
Bante Margsrits
Tumey

Rern River

Bants Wargarite
Chanan

Ganta Margaritse
walkhey .
Oloege

Walker

Tulare

Veddey

Yadder®

Fern Biver
Chanso

Kern Biver

Sants Mavgerits
Sante Hargarita
Etchegoln-Javslitos
Brehegoin~Jeealitog?
Tulare-Kern River
Plivesne

Ban Jodguin
KBine*

Undiff,
Undife.,
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NOTE: Please refer to document text for descriptions of the
areal extent of the Tulare aquifer exemptions in these fields. »
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COUNTY: KERN

ELK HILLS OIL FIELD

SHEET 1 OF 3
DISCOVERY WELL AND DEEPEST WELL
m:‘ Strata & age
Present aperator and well designation Original operator and well designation Sec. T. & . [B.AM, ifeet) Pool (zone) at total depth
Discovery well Bechtel Petroleum Operations, Inc. Associated 011 Co. No. 13/ 26 305 23E] MD| 4,030 Calitroleum
No. 1-26R {Upper)
Deepest well Bechtel Petroleum Operations, Inc. Same as present 29 305 Z3E] MD | 24,426 basement
No. 934-29R Cretaceous (%)
POOL DATA
FIELD OR
ITEM TULARE MYA GAS scaLEz & hULENIA & prrrm &/ | AREA DATA
i date March 1975 May 1619
tnitial produstion rates
[oT IE - 11 0 R o— 1 -
3 33,000
0T R POR—— on pus -
nitial reservoir pump
pressure {psi) ... remsehusiosnires. 3404 1,000 1,440 1,300%* 1, 4007
temperature (°F) e 91 108 10 124 1307
Initial oil content (STB/ac~ft.) v 1,400%% - - - -
Initial gas content (MSCF/ac.-ft.)...
K Tulare San Joaquin San Joaquin Etchegoin Etchegoin
age Pleistocene Pliocene Pligcene Pliocene Piiocene
:verm M‘{';', 'g: AT T 1.1 2,300 2,422 L7 2,850
verage net ness (f. 50 55 20
Mw'r::m productive
ek (ACTES) converrsiman, - 30 10,260 13,080 14,420 3,230
RESERVOIR ROCK PROPERTIES
LS R S R—— 30-40 {33*} 30-47 {36%) 643 {34% 12-46 {34%) 33
EL TR ) TR B - - - -
-0 Y ) S ————— 45 25 4 33 45
B IR L% R ——
Permeability to alr (md) o 248,100 (2,050%) §0-11,400 {1,275% 431,850 (1,428* 322,340 (990%) 440%

RESERVOIR FLUID PROPERTIES

o1 S AL — 10 - 18 21 -
Sulfur content (% by Wt
initial solution

GOR (SCF/STR) - 2094 . - . .
Initial ol FVF (RB/STB).cwriien 1.02%% - N - -
Bubble point press. (psia) .
Viscosity (cp) @ °F. - - 18 @132 20 @ 135 -
Specific gravity (alf = 10} 0.45%% 0.65-0.70 - - .
Heating value (Bto/cu. ) o - 1,020 - . .

hi+ Jinity, 3,596 24,300 21,700 20,000

Sai [TPUe I YT pp— s > , 8 -
TDS. (PP} epomsrme 1,560 37,300 33,400 32,400 .
R (ohmim} (77°F) wmmonsmerssns 1.50 0.24 0.20 0.20 -

ENHANCED RECOVERY FROJECTS

L N ———
Peak gas production, net (Mcf)

| L7 T —————

Enhanced recovery projectSomues| cyelie steam b/ waterflood §
Dttt SR ccrsserscrossmsmiminssss 1975 - 1957
Date discontinued ..o 1975 active

steamtlcod J
1969 7
1941
pressure
maintenance
991
active

Peak ol production (bbl) 6,228 7,713,136

¥ 1983 1986

Base of fresh water (fL): None
Remarks:

ETk Hills §s operated by Bechtel Petroleum Operations, Inc. {and previously by Wittiams Brothers Engineering Lo.} tor the L.S. bept. ot bneryy, as

ynit Operator Naval Petroleum Reserve No. 1. X )

a/ Standard 011 Co. of Calif. "Hay” 1, completed in January 1819, is generally regarced as the aiscovery well; although Associatea hell no, 1 was

- completed earlier, in June 1913,

b/ A gas storage project was initiated in 1978,

o/ The Upper pool includes the Scalez, Mulinfa, Bittium, #ilhelm, Gusher, Calitrolewm, ana (1ig sanos.
Seletted References: Carter, R.D,, R.J. Lantz, and J.C. Haher, 1975, Petroleun Gevlogy of Naval Petroleum Reserve ko. 1, EIK Bills, kern Lounty: bied,

Geological Survey Prof. Paper 812,
Kohlbush, R.L., 1977, Tule Eik 0i1 Field: Calif. Div. of 011 ana Gas, Pub. Mo, TRI9.

Al procuction 15 reported as upper.

DATE: DEPARTMENT OF CONSERVATION / DIVISION OF OIL, GAS, AND GEOTHERMAL RESOURCES

October 1991 *Average value **Estimated value

Elk Hills Field Geologic Data: 1998 California Qil and Gas Fields (Post-Primacy Agreement)
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Exhibit 8
Buena Vista Field Geologic Data
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Exhibit 9
Railroad Gap Field Geologic Data
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Exhibit 10
Midway-Sunset Field Geologic Data
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Midway-Sunset Field Geolo;gic Data:
1973 California Oil and Gas Fields (Pre-Primacy Agreement)

The extent of the aquifer exemption in the Pleistocene Tulare Formation is not shown on this map.
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Midway-Sunset Field Geologic Data:
1973 California Oil and Gas Fields (Pre-Primacy Agreement)

The extent of the Tulare aquifer exemption is shown by portions of the shaded areas on this map.
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Midway-Sunset Field Geologic Data:
1973 California Oil and Gas Fields (Pre-Primacy Agreement)

The extent of the Tulare aquifer exemption is shown by shaded areas in that zone.

Occidental of Elk Hills, Inc. Exhibit 10-2 Tulare Zone Aquifer Exemption Document
San Joaquin Energy Consultants, Inc.- 10/2/14 Elk Hills Tulare Final 100214 Revi.docx

ED_001000_00029908-00091



© MIDWAY - SUNSET OIL FIELD ‘- | - | ;

R ]

NGE B

WEInE

ARTEASE

[ —

g

AZgRikle

o AZNRINOR

Y} sy
Hremam

K ST SURERTE

H
H

.

i3
Rigs | wmpwe
us

it e ¥

SestiaNy
TR

Saowa | Getmn

Midway-Sunset Field Geologic Data:
1973 California Oil and Gas Fields (Pre-Primacy Agreement)

The extent of the Tulare exempt aquifer is shown by shaded areas in that zone.
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Exhibit 11
MecKittrick Field Geologic Data
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McKittrick Field Geologic Data:

1973 California Oil and Gas Fields (Pre-Primacy Agreement)
The extent of the exempt aquifer in the Tulare Formation is shown the shaded area on the cross-
sections.
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MecKittrick Field Geologic Data:
1973 California Oil and Gas Fields (Pre-Primacy Agreement)
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Exhibit 12
North Coles Levee Geologic Data
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North Coles Levee Field Geologic Data
1973 California Oil and Gas Fields (Pre-Primacy Agreement)
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Exhibit 13
South Coles Levee Geologic Data
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T3S RZSE

CONTOURS ON B ELECTRID LOG MARKER

sERiEs
FESRHATION
wEEn |

A% - ] | S
[/
: 3 |
k: L % iy
: pp— o A G e ey T
I v .
r ¥
sl | 15 . i3
g , - i
i % r
o “W""‘W"‘”‘
W P s .
!

PR mGoEuE
BONTIREY
ANTELORE
%
-
<
=
&

South Coles Levee Field Geologic Data:
1973 California Oil and Gas Fields (Pre-Primacy Agreement)
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Exhibit 14

Class I Non-Hazardous and Class II Tulare Injection Information
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UNITED STATES ENVIBONMENTAL PROTECTION AGENCY

REGION IX o
75 Hawthorne Streel .
San Franciseo, CA 841053801 ﬁECEiVED E\(
m t1m FEB 2 6 2001
| : HEALTH, ENVIRONMENT
CERTIFIED MAIL P 104 939 671 & SAFETY
RETURN RECEIPT REQUESTED
ERHAPS SoME
Dennis Champion, P.E. P & o
Project Permitting Manager ,«,Z»Ff Y Ou &
Blk Hills Power, LLC, TS  ALREAD
P.O. Box 1001 ’ ,
Tupman, California 93276-1001 NoTE  |nTECTdM
LT o PAGE
Katherine S. Poale ek qof I, MSO
Adams Broadwell Josep! Z0 e |1 .
651 Gateway Boulevard, Suite 900 % - ot PeHE~f
South San Francisco, CA 94080 1 prR& PGW ~
Mw%z«m Cogp, LETS
15¢uSS .
hampion and Ms. Poole: &&W&»« et
Dear Mr. Champion and Ms. Foole: % |25to

w

Enclosed (original to Dennis Champion, copy to Katherine Pm}ﬁ} ig the ’{Jmimrgmanfi
Tnjection Control (*UIC") Class I Nonhazardous Waste Injwtifm Pmt Mo, %zmwz, which
is being issued to Elk Hills Power, LLC (“Elk Hillg™} suthorizing injection ?anvmw: at ﬂm Bk
Hills Power Project in Kern County, California. -Please note that suthorization to drill and

construct the wells will be issued afier the requirements of financial

responsibility ave met.

Authorization to inject will be issued after requirements specified in the permit are met.

The staff at the Environmental Protection Agency, Region 9 (“EPA”) has xwiﬂwwd the
UIC permit application and associated documents relating to the Elk Hills Power Project, and has
prepared this final permit in accordance with the Safe Drinking Water Act ("SDWA™).

EPA published a public notice of the preparation of the draft permit on July 20, 2000 and
sought comments on the draft permit from interested persons. TPring the public mmfnmt
period, EPA received comments submitted on behalf of the California Unions for Reliable
Energy. After considering all expressed views of the commenter, EPA prepared a final permit
that does not differ substantially from the draft permit, in accordance with the SDWA and 40
C.FR. Part 124. We have also enclosed a copy of EPA’s “Response To Comments” for your

reference.

EPA Transmittal Letter: Class I Non-Hazardous Waste Injection Permit No. CAF200002

Occidental of Elk Hills, Inc.
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—

. The UIC permit is issued upon the date of signature on the i .
effaf:tm 30 days thereafier, unless thete is un appm%of this final pm@%fﬁ?@ma
Environmental Appeals Board. Pursuant to 40 CFR § 124.19, an appeal must be taken within
30 fif;ya af the service of notice of BPA's sction {i.e., the date of this letter). Furthermo ﬁ
pm;wn for wwi&:w rust state the reasons supporting review, including a shﬁmug tha?t ﬂ? !
challenged penmit condifion is based on: (1) a finding of fact or conclusion of law w%xish is
xzieafiy enoneous; or (2} an exercise of discretion or an important policy aumidmtim Mzinh the: 7
Environmental Appeals Board should, in its discretion, review. 40 C.FR. § 124,19, ’

If you have any questions, please contact George Robin of my staff at {415) 744-1819,
Sincersly,
v’f& T S, e, st

Lavra Tom Bose
Manager, Groundwater Office

: ‘ Enclosures

EPA Transmittal Letter: Class I Non-Hazardous Waste Injection Permit No. CA200002

Tulare Zone Aquifer Exemption Document

Exhibit 14-2
FElk Hills Tulare Final 100214 Revl.docx
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¥

EPA Region IX
Underground Injection Control Program
Class I Nonhazardous Waste Injection Draft Permit No. CA200002

February 16, 2001

: %mmmmm%imm two USDWs will be potentially affected by the injection operation, in
vwlatm of 40 C’i‘l‘{ §144.12.

‘After review ufﬂm existing records, EPA has made the determination that the Tulare formation

within the Area of Review is an exempted aquifer. As such, the prohibitions of 40 CFR.
§144.12(a) do not apply to the Tulare formation within the Area of Review. Furthermore,

injection will be confined to the intended injection zone and no USDWs will be impacted by the
permitied underground injection activities.

Excerpt of Responses to Comments in the EPA Transmittal Letter:
Class I Non-Hazardous Waste Injection Permit No. CA200002

Occidental of Elk Hills, Inc. Exhibit 14-3 Tulare Zone Aquifer Exemption Document
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Underground Injection Control Program
PERMIT

Class I Nonhazardous Waste Injection
Permit No. CA200002

Well Mames: 15.180 and 95-180
Kern County, California

Issued to:
Elk Hills Power, LLC

P.O. Box 1001
Tupman, CA 93276

Page 1 of 16
VLS Parmib BCAI00002

Class I Non-Hazardous Waste Injection Permit No. CA200002: Original Permit

Occidental of Elk Hills, Inc. Exhibit 14-4 Tulare Zone Aquifer Exemption Document
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PART L AUTHORIZATION TO INJECT

Purguan 1o the Underground Injection Control (UIC) regulations of the 115, Environmientel Protection
Agency (EPA) codified at Tithe 40 of the Code of Federal Regulations (CFR), Parts 124, 144, 146, 147, and 148,

Bl Hille Power, LLC
P Boe 1001
Tupman, CA 93276

i bereby authorized 1o operste & Class | nonbiazardons waste injection well fecility with two injection wells, The wells
are to be Jocated st Section 18, T.318., RZ4E., NW ¥ Sep., 1100 feet FWL, 2750 fost FSL in Korn County, California.

Anthorization o deill sod construct the wells will be fasued by EPA aller the meguirements of Financial
Responsibility in Part ILF of this peomit bave been met. Authorization to inject will be fssued after the requirements of
Pt 11, Section C.1 of this pormit bave been wet. Injection will be suthorized luto the Tulare Toomation for the
purpose of disposal of industrin] novdezardous Pulds produced daring the operation of wn electrical powes penerating
plant. The types of fulds 1o be infected are Thmited W cooling tower blowdown wistewater (using source water from
West Kern Water Distriet): plant ares wash wastewater; demineraliser resing repeneration wastewater; plant and
equipment drains wastoweter; flter baclowash wastewater; und nogeoll-contaminsted storm ranofl wastewater.

Al conditions set foth hereln are based on Title 40 Parts 124, 144, 146, 147 snd 145 of the Code of Faders)
Regulations,

This permit vonsists of 16 pages and Includes ol jlems listed in the Table of Contents. Furtber, it is based
wipon representations made by Elie Hills Power, LLL (the permiltes). 1 is the responsibility of the pennittes o read and
undersiand all provisions of this permit,

“This permit and the suthorization to Inject are bssued for o period ai‘u;xmm(fﬂ}ymmimﬁmmmm
under the conditions set forth In Part 1, Section B of this permit,

tssuedthis_ &4 F  dayor Fatpwnary , 2001
“This permit shal become effective thirty (30) days after the date of issuance.

Am‘ﬁ'mm Diirestor
Water Division, EPA Region IX

Page 4 of 16
UIC Permit JOA200003

Class I Non-Hazardous Waste Injection Permit No. CA200002: Original Permit

Occidental of Elk Hills, Inc. Exhibit 14-5 Tulare Zone Aquifer Exemption Document
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EPA FRE D No. 140012181430

Underground Injection Control Program
PERMIT

Class I Nonhazardous Waste Injection
Permit No. CA200002

Well Names: 25-18G, 35-18G, 25A-18G and 35A-18G
Kem County, California

Issued to:

Elk Hills Power, LLC
P.O. Box 460
4026 Skyline Road
Tupman, CA 93276

Page 1 of 16
UIC Permit ECRI000032

Excerpts from the Modified Elk Hills Power Class I Non-Hazardous UIC Permit for the
Tulare Formation in the Elk Hills Field, Dated June 3, 2004

Occidental of Elk Hills, Inc. Exhibit 14-6 Tulare Zone Aquifer Exemption Document
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EPA FRS 1D No. 110012999430

PART L AUTHOREZATION TO INIBRCYT

Parsuant o the Underpround Injection Conteol (U303 regalutions of the 1.5, Bavironmenta] Peotection
Agency (BPAY codified a2 Titde 40 of e Code of Peders) }Mgmiagéam TCFR), Paris 124, 144, 148, 147, wl 148,

Bl Hills Power, LLO
P Box 460
AU Bloytine Road
Tupomn, TA 93376

s hereby authorieed 1o opecate 5 Class T nonbuardons st infection well facility wids fow injecton wells, The welly
are to be lovated o1 Section 18, 1315, B4R, WW % See. o R County, Califorsda,

Athoztaation to defl] end copgtroet the wells will be soed by EPA wlter the yoquivesoents of Plnaneial
Responsibility bn Part ILF of Qids permit have bees met, Authorization to et will be lssued after the reguirements of
Fart 1., Bootion C.1 of this permdt have besw et Tajestion will be suthorized inte the Tilme Tormution for the
piarpuse of dispossl of induatrial novharardnus Teids prodhsced shuring the spemtion of se slectrical power generating
plant. The types of Duids 1o be injected are Hoited to burbine wash wtevwenler, cooling towes Blowdows wastewater
fusdng sooer waler froen Woest Wern Water Tainiriet); plant wres wash wastewater; devsineralines regins regieration
wiistewiter; plant sod squiprent deins wastewater; Bty backwnh wastewster: gnd won-oll-conteminated storm
rusoft wastewaler,

Al comditions set foeth beruln wve bosed on Tie 40 Pars 134, 144, 148, 147 snd 148 of the Coils of Federal
Begulations,

This prwit sonsiats of 16 pages and fncludes aft fers Hoed o the Table of Contents, Furitber, it i based
spen vepresentations wads by Bl Bills Power, LLO (the peooittes), Tt ds the sesponsibility of the peomittes to read and
understund all provisions of this permit.

This peewmit ped the suthorieation to inject see fsued for s period of up to ten {10) veurs urdess wrmdnated

wnrber the ounditions set fords i Part T, Section B of this it

Original peomit lssued on 082 1UM
Modified this __ 3 dayof \_Jasee , 200 &

Page 4 of 16
UIC Permit BCBZO00072

Excerpts from the Modified Elk Hills Power Class I Non-Hazardous UIC Permit for the
Tulare Formation in the Elk Hills Field, Dated June 3, 2004

] ] ibit 14- ifer Exemption Document
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TTSION ‘OF OIL AND GAS - & AR
:gﬂ‘% mm,.m Py ) P N oT E-KEM?T%'% Z-QNGS

feptienun:

he vequented, sitaohed 18 & 1lst of thone zoves axenpted and not exempiad, wnder
Pedersi U.1.0, regulations, for the reinjection of prodused oil Pisld water (U.1.C
Clwes I1 injeotion wells). Plesss nots that those wells disposing of flulde other
then produced watey are 0ot Luoluded 4n this oulagory. Suck wells end the corress
ponding xoee sxsuption Bleatus ave the Jurisdivtion of the Begiouel Tater Quality

Coutrel Bosrd.

It should be motsd further that a xone “exemption™ does not nessssarily. include the
sntdrs vertioal or leteral lieite of the forsetion. In sl osses, the ssxisus sonc
ezenption %mnmmmd to the owrent productive Jimite of the f£ield. A% » sintm
the exespiion may inelude ooly speeifie intervile withinc & tone or o veptaln sres
af & given £ield.  These conditicus ere subjuct Yo dhenge st eny tips without prim
euntegt, The stteched liete ave o be used solely vy 8 guidelins for initielvony-
sideration for project spplioation. 17 sore deteiled information 14 requived plew
sontants the yespeotive Division of UL & Use offine,

Tours fruly,

ha U+ Uluse
Dayputy Bupervisor

1

David Eitchell '
hesvsinte U041 & Uas Roztusey

SR -

Excerpt of DOGGR letter with attached list of aquifer exemptions in Kern, Tulare, and
Inyo Counties
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Partial list of exempt aquifers in Kern, Tulare, and Inyo Counties, showing the Tulare
Formation in the Elk Hills field as an exempt aquifer.
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SESQURCES ACENEY,

DEPARTMENT OF CONSERVATION

SEO0 STOCKDALE HWY, SUITE 417
BAKERSFIELD, CALIFORNIA  D3309
881} B224031

Fax: 1661) 8610278

RECEIVED)|

September 19, 2002 SE’? 0 2002
mﬁ SR W 1
Mr. Bruce A, Macdonald WATER DISPOSAL PROJECT  PrRmM il”
Oecidental of Elk Hills, Inc. Elk Hills Field EXDAMS DN
PO Box 1001 Tulare Zone
Tapman, CA 93276 Sec, 24, T.305., R22E

Sec., 12,13, T318, RI3E
Sec. 7.8,10,17,18, T.318., R.24E

Project Code: 22800002

Max. Permitted Volume: 230,000 B/
Max, Permifted Well(s): 26

Note: Notify this office if either of these
values wre exceaded.

Dear Mr. Macdonald:
The expansion of the project designated above iz approved provided:

1. Notices of infention to Jrill, rednill, deepen, rework, or abandon, on current Division
forms (OGLO8, OG0T, OG108) shall be completed and submitted 1o the Division for
approval whenever a new well is to be drilled for use as an injection well and whenever
an existing well is converted to an injection well, even if no work is required on the
well.

I

This office shall be notified of any anticipated changes in a project resulting in alteration
of conditions originally approved, such as: increase in size, change of injection interval,
or intrease in injection pressures. Such changes shall not be carried out without
Division approval.

3. A monthly Injection Report shall be filed with this Division on our Form OG110B on or
before the last day of vach month, for the preceding month, showing the amount of fluid
injected, and surface pressure required for cach injection well.

4. A chemical analysis of the fluid to be injected shall be made and filed with this Division

whenever the source of injection fluid is changed, or as requested by this office. ALL
FLINDS MUST MEET CLASS I CRITERIA.
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5. Al fluid sampling and analyses required by this Division are done in accordance with
the provisions of the Division’s Quality Assurance Program. Please refer to the
Divigion’s "Notice to Oil and Gas Operators” dated: November 17, 1986,

6. An accurate, operating pressure gauge or pressure recording device shall be available at
all times, and all injection wells shall be equipped for installation and operation of such
gauge or device. A gauge or device used for injection pressure testing, which is
permanently affixed to the well or any part of the injection system, shall be calibrated at
feast every six months. Portable gauges shall be calibrated at least every two months,
Evidence of such calibration shall be available to the Division upon request,

7. All injection wells shall be equipped with twhing and packer set immediately above the
approved zone of injection upon completion or recompletion, unless a variance to this
requirement has been granted by this office.

8 A Standard Annular Pressure Test (SAPT) shall be run, as outlined in the Notice to
Operators dated 1/9/90, prior fo injecting into any well(s) being drilled or reworked for
the purpose of injection and every five vears thereafler or as requested by the Division,
The Division shall be notified to witness such tests.

9. Injection profile surveys for all fuid bjection wells shall be filed with the Division
within thres (3) months afler injection has commenced, onte every vear thereufter, after
any significant anomalous rate or pressure change, or as requested by the Division, to
confirm that the injection fluid is confined to the proper zone or zones. This monitoring
schedule may be modified by the district deputy, This office shall be notified before
such surveys are made, as surveys may be witnessed by the Division ingpector.

10, Data shall be maintained 1o show performance of the project and to establish that no
damage 1o life, health, property, or natural resources is ocourring by reason of the
project. Injection shall be stopped if there is evidence of such damage, of loss of
hydrocarbons, or upon written notice from the Division. Project data shall be available
for periodic inspection by Division personnel.

11, The maximum allowable injection pressure gradient is limited to 0.7 psi per foot of
depth as measured ot the fop pecforation. Prior to any sustained injection above this
gradient, rate-pressure tests shall be made. The test shall begin af the hydrostatic
gradient of the injection fluid to be used and shall continue vntil either the intended
maximum injection pressure is reached or until the formation fractures, whichever ovcurs
first. These tests shall be witnessed, unless otherwise instructed, and the test resulis
submitted to this Diviston for approval.
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12, All igection piping, valves, and facilities shall meet or exceed design standards for the
injection pressure and shall be maintained in o safe and leak-free condition.

13, Any remedial work needed as a result of thig project on idle, abandoned, or deeper 2one
wells in order to protect oil, gas, or freshwater zones, shall be (he responsibility of the
project operator,

14, Additional data will be supplied upon the request of the Division.

WNOTE: Monthly injection rate v, pressure graphs for the $ newly proposed disposal wells
must be submitted 1o this office every 6 months.

Sincerely,

M (s
Hal Bopp
g Deputy Supervisor
Drivision of Oil, Gas, and Geothermal Resources

oo RWOUB
LAC file

wichwpwed
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STATE OF CALIFORNIA-THE 24

YOBLE WY, BLITE 81T
BAKE & DALEOENIA 83508
W1 9024051

AN BB BET0RTY

ABUG BYOT

i W A

My, Robért AL Joseph WATER DISPOSAL PROJECT VeRsuT
Ciecidental of Bk Hills, Ing. Elk Hills Field

PO, Box 1007 Tulare Zone

Topman, CA 93276 Sec. 24, T.308., B22E

Sew. LLIA TR, R2AE
Beo, TREIOIZIE TS, RME

Project Coder 22800002

s Permilued Yolume 230000 B0
Was. Permived Well(s) 30

Neder Motify this office i either of these
valies are exceeded.

Drear Bir Josephs
The grpansion of the project designated above s approved provided:

L. Notiges of intention o deill, redeill, deepen. rework, or sbandon, on etrrent Division
forms PO IO, OG1O7, DGR shall be completed and submitied to the Division for
approval whenever o new owell 48 1o be deilled for uie as an dnjection well and whenever
an existing well is converted o an infection well, even ino work ds required on e
well

This office shall be notified of any anticipated changes in 2 project vesulting b alteration
of gonditions priginally approved, such a8 incresse boosiee, change of injection interval,
or Increase in injection pressures. Such changes shafl not be-carried out withow
Ditwision approval.

Lpe

A monthiy boection Beport shall be filed with this Division onoour Forsn OGHOB onoor
before the last day of sach month, for the preceding month, showing the amount-of Buid
injected, and surface pressurs reguired Tor each injection well.

4 A chemical analyvsie of the Boid to be injected shall be made and filed with this Division

whenever the souree of jection fuid is changed, oras requested by this office. ALL
FLUIDS MUST MEET CLASS T CRITERIA.
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5. All fluid sampling and analyses required by this Division are done in accordance with
the provisions of the Division's Quality Assurance Program. -Please refer to the
Division's "Notice to Oil and Gas Operators” dated: November 17, 1986.

6. Anaccuraty, operating pressure gauge or pressure recording device shall be available at
all times, and all injection wells shall be equipped for installation and operation of such
gauge or device, A gauge or device used for injection pressure testing, which is
permanently affixed to the well or any part of the injection system, shall be calibrated at
least every six months. Poriable gauges shall be calibrated at least every two months.
Evidence of such calibration shall be available 10 the Division upon request.

.

All injection wells shall be equipped with tubing and packer set immediately above the
approved 2one of injection upon completion or recompletion, unless a variance to this
requiremert has been granted by this office.

8 A Swndard Annular Pressure Test (SAPT) shall be run, as outlined in the Notice to
Operators dated 1/9/90, prior to injecting into any well(s) being drilled or reworked for
the purpose of Blecton end every five years thersiller or a5 reguesied by the Divisiog,
The Division shall be notified to witness such tests,

.- Injection profile survevs for all fluid injection wells shall be filed with the Division
within three {3) months afler injection has commenced, once every year thereafter, after
any significant anomalous rate or pressure change, or as requested by the Division, to
confirm that the injection fluid is confined to the proper zone or zones, This monitoring
schedule may be modified by the district deputy, This office shall be notified before
such surveys are made, as swrveys may be witnessed by the Division mspector.

10.. Data shall be maintained to show performance of the project and to establish that no
damage to life, health, property, or patural resources is occurring by reason of the
project. - Injection shall be stopped if there is evidence of such damage, of loss of
hydiocarbong, o upon written notice fom the Division.  Project data shall be available
for periodic mspection by Division porstnnel,

o The maximunvallowable injection pressure gradient is Hmited to 0.7 bl per foot of
depth as rressured ot the top perloration. Prior to any sustained uiection above this
gradient, ratesprossure Tests shall be made The st shall begin ot the hedrostatic
gradient of the injection fluid to be used and shall continue until either the intended
mkimum wyection pressure 15 reached or wntil the formation factures, whichever oocurs
frst. These tests shall be witnessed, unless otherwise ingtrocted, avd the test resulis
submitied so this Divigion for approval,
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12, Al injection piping, valves, and facilitics shall meet or exceed design standards for the
injection pressure and shall be maintained in a safe and leak-free condition,

13, Any remedial work needed as 8 result of this project on idle, abandoned, or deeper zone
wells in order to proteet oil, gas, or freshwater zones, shall be the responsibility of the
project dparator,

14 Additions! date w31l be supplisd vpon the reguest of the Division:

Sincercly,

Bandy- Adons
Dremuty Supervisor
Ditviston of Oil, Ous, and Guothenms! Besources

oo RWOOH
LI file

wichpawd
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SESQURCES ACENEY,

DEPARTMENT OF CONSERVATION

SEO0 STOCKDALE HWY, SUITE 417
BAKERSFIELD, CALIFORNIA  D3309
881} B224031

Fax: 1661) 8610278

RECEIVED)|

September 19, 2002 SE’? 0 2002
mﬁ SR W 1
Mr. Bruce A, Macdonald WATER DISPOSAL PROJECT  PrRmM il”
Oecidental of Elk Hills, Inc. Elk Hills Field EXDAMS DN
PO Box 1001 Tulare Zone
Tapman, CA 93276 Sec, 24, T.305., R22E

Sec., 12,13, T318, RI3E
Sec. 7.8,10,17,18, T.318., R.24E

Project Code: 22800002

Max. Permitted Volume: 230,000 B/
Max, Permifted Well(s): 26

Note: Notify this office if either of these
values wre exceaded.

Dear Mr. Macdonald:
The expansion of the project designated above iz approved provided:

1. Notices of infention to Jrill, rednill, deepen, rework, or abandon, on current Division
forms (OGLO8, OG0T, OG108) shall be completed and submitted 1o the Division for
approval whenever a new well is to be drilled for use as an injection well and whenever
an existing well is converted to an injection well, even if no work is required on the
well.

I

This office shall be notified of any anticipated changes in a project resulting in alteration
of conditions originally approved, such as: increase in size, change of injection interval,
or intrease in injection pressures. Such changes shall not be carried out without
Division approval.

3. A monthly Injection Report shall be filed with this Division on our Form OG110B on or
before the last day of vach month, for the preceding month, showing the amount of fluid
injected, and surface pressure required for cach injection well.

4. A chemical analysis of the fluid to be injected shall be made and filed with this Division

whenever the source of injection fluid is changed, or as requested by this office. ALL
FLINDS MUST MEET CLASS I CRITERIA.
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5. Al fluid sampling and analyses required by this Division are done in accordance with
the provisions of the Division’s Quality Assurance Program. Please refer to the
Divigion’s "Notice to Oil and Gas Operators” dated: November 17, 1986,

6. An accurate, operating pressure gauge or pressure recording device shall be available at
all times, and all injection wells shall be equipped for installation and operation of such
gauge or device. A gauge or device used for injection pressure testing, which is
permanently affixed to the well or any part of the injection system, shall be calibrated at
feast every six months. Portable gauges shall be calibrated at least every two months,
Evidence of such calibration shall be available to the Division upon request,

7. All injection wells shall be equipped with twhing and packer set immediately above the
approved zone of injection upon completion or recompletion, unless a variance to this
requirement has been granted by this office.

8 A Standard Annular Pressure Test (SAPT) shall be run, as outlined in the Notice to
Operators dated 1/9/90, prior fo injecting into any well(s) being drilled or reworked for
the purpose of injection and every five vears thereafler or as requested by the Division,
The Division shall be notified to witness such tests.

9. Injection profile surveys for all fuid bjection wells shall be filed with the Division
within thres (3) months afler injection has commenced, onte every vear thereufter, after
any significant anomalous rate or pressure change, or as requested by the Division, to
confirm that the injection fluid is confined to the proper zone or zones. This monitoring
schedule may be modified by the district deputy, This office shall be notified before
such surveys are made, as surveys may be witnessed by the Division ingpector.

10, Data shall be maintained 1o show performance of the project and to establish that no
damage 1o life, health, property, or natural resources is ocourring by reason of the
project. Injection shall be stopped if there is evidence of such damage, of loss of
hydrocarbons, or upon written notice from the Division. Project data shall be available
for periodic inspection by Division personnel.

11, The maximum allowable injection pressure gradient is limited to 0.7 psi per foot of
depth as measured ot the fop pecforation. Prior to any sustained injection above this
gradient, rate-pressure tests shall be made. The test shall begin af the hydrostatic
gradient of the injection fluid to be used and shall continue vntil either the intended
maximum injection pressure is reached or until the formation fractures, whichever ovcurs
first. These tests shall be witnessed, unless otherwise instructed, and the test resulis
submitted to this Diviston for approval.

Approval of Class II UIC Project #22800002 Expansion:
Tulare Formation in the Elk Hills Field

Occidental of Elk Hills, Inc. Exhibit 14-17 Tulare Zone Aquifer Exemption Document
San Joaquin Energy Consultants, Inc.- 10/2/14 Elk Hills Tulare Final 100214 Revi.docx

ED_001000_00029908-00120



12, All igection piping, valves, and facilities shall meet or exceed design standards for the
injection pressure and shall be maintained in o safe and leak-free condition.

13, Any remedial work needed as a result of thig project on idle, abandoned, or deeper 2one
wells in order to protect oil, gas, or freshwater zones, shall be (he responsibility of the
project operator,

14, Additional data will be supplied upon the request of the Division.

WNOTE: Monthly injection rate v, pressure graphs for the $ newly proposed disposal wells
must be submitted 1o this office every 6 months.

Sincerely,

M (s
Hal Bopp
g Deputy Supervisor
Drivision of Oil, Gas, and Geothermal Resources

oo RWOUB
LAC file

wichwpwed
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DEPARTMENT OF CONSERVATION

ABLG SYOLKDELE HWY  BUITE 417
BARERGFIELD, CALIFORMA 53309
e 224000

FR 1B BRV0LTS Wﬁ?ﬁ:ﬁj L W;Z‘xg;% 7. 2004

M. Robert A Joseph S WATER DISPOSAL PROJECT FPERMIT

Oeeidenal of Blk Hills, Tne. Elk Hills Field
PO, Box 1007 L. Tulare Zone
Tupman, A 93276 Seo. ZT28, T 305, RIIE

Project Coder 22B00022

M, Permibied Violame: 250000 B/D
hian Perminied Welllsy, 32

Teote: Mot by this ollice 10 either of these
walues are exeesded.

Drear Mr. Joseph:
The initiation of the project designated above is approved provided:

1 Motfees of dnention o deill vedeill, deepen, rework, or-abandon, on currenl Division
forms COCHTO8, D107, 00 108) shall be completed and submitted tothe Diviston for
approval whenevera new well is to be drilled for use ag wi injection well and whonever
s exiating well 15 converted to an injection well, even if nowork 1 reguired on e
gkl

2. This office shall be notified of any anticipated changes o project resulting in alteration
of eonditions originally approved, such gs: increase 0 size, change of Injection interval,
or incremse o injection pressures, - Such changes shall not be drried oyt without
Divigion appoval,

3 Acmonthly Inection Report shall be fled with this Dyvision on our Form OG0B o or
ket the lagt day of wach month, for the preveding month, showing the amount of fuid
injected, and surbace pressure reguired for vach injection well.

4 Achericsl spalysisof the flud to be injecied shall be made and Bled with this Division

whenever-the source of injection fluid is changed, oras requested by this offles: ALL
FLUIDS MUST MEET CLASE H CRITERIA,
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5. All fuid sampling and analyses required by this Division are done in accordance with
the provisions of the Division’s Quality Assurance Program. Please refer to the
Division's "Notice 1o 09 and Gas Operators” dated: November 17, 1986,

& Ap scourate, operating pressure gavge or pressure recording device shall be available at
Al timvies, and ol injection wells shall e equipped for insaliation snd operation of such
gauge or deviee, A gauge or device used for injection pressure testing, which is
permanently affixed to the well or any part of the injection system, shall be valibrated at
feast every six months,  Portéble ganges shall be calibrated at least every two months.
Hvidence of such calibration shall be available 1o the Division upon request.

7. All injection wells shall be equipped with wbing and packer set immedisely ghove the
approved zone of injection upon completion or recompletion, unless @ variance 1o this
requirement has been granted by this offies.

B A Smedard Ansular Pressure Test (SAPT) shall be rub, as oatlined bn the Matice o
Operators doted LS00, prior to njecting into any well(s) heing drilled or reworked for
the purpose of injection and every five years thereafior or as teguested by the Division.
The Division shall be notifted 1o witness such tests.

8 lejection profile surveys for all fuid inection wells shall be filed with the Division
sithin three (3) monihs after injection has conumenced, once very year therealter, after
any sigmificant ancmalous tate or pressure change, or 48 reguested by the Division, 1o
confirm that the injection Huid ds confined o the proper zone of zones. This mgioring
sehedule tay be modified by the distrier depurys - This-office shall be notified before
such surveys are made, 85 surveys may be witnessed by the Division inspector.

{0, Data shall e moalntuined to show perfarmante of the project and 1o establish that no
dumage to life, health, property, or natwral resourees is oeciring by reason of the
project. Injection shall be stopped if there is cvidence of such damage, of Joss of
vdrocarhons, or upoh writien netice from the Division,  Project dats shall be gvailable
for-peniodic mspection by Division personnel,

t1,  The madimam allowable injection pressure gradient is imited 1o (L7 psi per Toot of
depth-as measured at the top perforation.  Prior to any sustained injection above this
gradient, raie-pressure tests shall be made. The test shall begin at the hydrostatic
gradient of the injection fuid to b wsed and shall continue until sither the mtended
i injection prossure is veached or wit the formation fractures, whichever boours
first. These tests shall be witnessed, unless otherwise instructed, snd the test veeulis
sihritted 1o this Divigion for approval.
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12, Al injection piping, valves, and facilities shall meet or excend design standands for the
inection pressure and shall be maintained in 2 safe and Jeak-frov condition.

13, Any remedial work needed s a result of this project-or idle, abandonsd, or deeper zone
wells In order o protectoil, gas, or Treshwater zones, shall be the resporsibility of the
proTent operaor.

14, Addivonsl date will be supptied upon the reguest of the Division,

MOTE: Your proposed-injectors within Phase 17 on the attechied map wre spproved for
injection without sny prior remedial work. However, the injectors within "Phase 17 are not
permitted to inject until certuin vemedial work 15 performed on selected wells within the 1/4
mile area of review, The remedial work reguived shall consist of perforating the vasing at the
top of the proposed injection wong and siqueesing & minkoum of 100 lineal feet of coment
otside of casing. Prior to commiencement of tnjestion into "Thase 27 wells, the wells
reguiring remedial work, as shown on the attached map, are 366:.27R, 378.27K, $8-27R,
FR2TI ard 37A-2TR, T addition, within T vear of commencement of injection tnto "Phase 2
wielle, the following wells shall be remediated: 356-27R, 368-27R, 314-27R, and 316-27R.

Sincerehy,

/@”M%? ﬂ%@w* i

Randy Adams
Dieputy: Supervisor
Ditvision of 08l Gas, and Geothermal Resovrces

cor BWOUB
PIC file

wigtwp
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HMATURAL RESOLRLES alsbriny ﬁﬁg@m SCHWARTENEGOER, GOVERNDRE )
1 DEPARTMENT OF CONSERVATION

DIVISION OF Oll, GAS AND GEOTHERMAL RESOURCES

B Stockeiols Hgheiay s SUE AT & BAKERSHELD. CALIFORNMA FISH
PHONE 641 /5054001 » FAX 660 /861007 «  WEBSIE corservoiocoogoviDOG

February 24, 2008

Occidental of Elk Hills, Inc. (00§ ] WA TER DISPOSAL PROJECT

s Fleld

Mr. Alan E. White

PO Box 1001 PULARE Zone

Tupman, CA 93276 L 90,21,27,28, T 308, R.23K.
Pebicat Code: 22800022
Max. Pevmndied Volume: 550,000 B/D
Max. Permitied Wellls): 77

Dear My, White:

The expansion of the project designaied above is approved provided:

1. Notices of intention to drill, redrill, decpen, rework, or abandon, on current Division formss
{OG105, OGL07, OG108) shall be completed and submitied to the Division for approval
whenever a new well is 1o be drilled for wse as an injection well and whenever an existing
well is converted to an ijection well, even if no work is required on the well,

2, This office shudl be notified of any anticipated changes in a project resulting in alleration of
conlitions originally approved, such as: increase in size, change of injection interval, or
increase in injection pressures.  Such changes shall not be carried out without Division
approval.

3. A monthly Injection Report shall be filed with this Division on our Form OGLIOB onor
before the last day of each monilhy, for the preceding month, showing the amount of Hhaid
injected, and surface pressure required for each mjection well.

4. A chemical analysis of the fluid to be injected shall be made and filed with this Division
whienever the souree of injection fuid is changed, or as requested by this office. ALL
FLUIDS MUST MEET CLASS HCRITERIA.

The Department of Conservation's mission is to balance today s needs with tomorrow's challenges and foster
intelligers, sustoinable,
aisd efficient use of California’s energy, land, and mineral resources.

(B RO

8K 1128488 1

Approval of Class II UIC Project #22800022: Tulare Formation in the Elk Hills Field

Occidental of Elk Hills, Inc.
San Joaquin Energy Consultants, Inc.- 10/2/14

Exhibit 14-22

Tulare Zone Aquifer Exemption Document
Elk Hills Tulare Final 100214 Revl.docx

ED_001000_00029908-00125



5. All fluid sampling and analyses required by this Division are done in accordance with the
provisions of the Division's Quality Assurance Program.  Please refer to the Dhivigion's
"Notice to Ol and Gas Operators” dated: November 17, 1986,

6. An accurate, operaling pressure gauge or pressure recording device shall be available at all
times, and all injection wells shall be equipped for installation and operation of such gauge
or device. A gauge or device used for injection pressure (esting, which is permanently
affixed to the well or any part of the injection system, shall be calibrated at least every six
months, Portable gauges shall be calibrated at least every two months,  Evidence of such
calibration shiall be available 1o the Division upon request.

7. All injection wells shall be equipped with tubing and packer set irroediately above the
approved zone of injection upon completion or recompletion, unless & variance o this
requirement has been granted by this office.

8 A Sundard Annular Pressure Test (SAPT) shall be run, as outlined in the Notice to
Operators dated 1/9/90, prior to injecting into any well(s) being drifled or reworked for the
purpose of injection or 4s requested by the Division.  The Division shall b nstified to
witness such tests,

9. Injection profile surveys for all fuid injection wells shall be filed with the Diivision within
three (3) months after injection has commenced, once every year thereafter, after any
significant anomalous rate or pressure change, or as requested by the Division, o confirm
thiat the injection Muid is confined to the proper zone or zones.  This monitoring schedule
may be modified by the district deputy. This office shall be notified before such surveys
are miade, as surveys may be witnessed by the Division inspector,

10. Data shall be maingained to show performance of the project and to establish that no
chamage to life, health, property, or natural resources is occurring by reason of the project.
Injection shall be stopped if there is evidence of such damage, of Toss of hvdrocarbons, oy
upon written niotice from the Division. Project data shall be available for pericdic
inspection by Division pesonnel.

11. The maximum allowable injection pressure gradient is limited to 0.7 psi per foot of depth as
measured at the top perforation. Prior to any sustained injection above this gradient,
rale-pressure tests shall be made. ‘The test shall begin at the hydrostatic gradient of the
injection {luid to be used and shall continue until either the intended mandomrs injection
pressure is reached or until the formation  fractures, whichever occurs first, These wats
shiall be witnessed, unless otherwise instructed, and the test results submitted to this Division

for approval.
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12. All injection piping, valves, and facilities shall meet or exceed design standards for the
injection pressure and shall be maintained in a safe and leak-free condition.

13. Any remedial work needed as a result of this project on idle, abandoned, or deeper zone
wells in order to protect oil, gas, or freshwater zones, shall be the responsibility of the project

operator.

14. Additional data will be supplied upon the request of the Division.

NOTE: Your proposed injectors within “Phase 1" on the attached wap are approved for injection
without any prior remedial work. However, the injectors within “Phase 27 are not penmitied to
inject until certain remedial work is performed on selected wells within the ' mile area of
review. The remedial work required shall consist of perforating the casing at the top of the
proposed injection zone and squeezing a minimum of 100 Eneal leet of cement outside the
casing. Prior to commencement to injection into “Phase 27 disposal wells, the wells listed below

shall be squeezed with coment:

Well Number  APT Number

AH6H-ZER (02927177
378-28R 020-27178
88-28R 020.27172
2B97R 029-27157
ST4LETR (2027161

Sec,
28
o8
o8
7
97

Tem,
A08
308
308
308

Rge.
23F.
23F
23F.
23K
23K

In addition, within 1 year of the commencement of injection into “Phase 27 wells, the following

wells shall be squeered with cement:

Well Number

A56H-28R

B68-28R

314-26R 09927 140
314 96R (320.97150
316-26R 02997131
Sincerely,

Depusty Supervisor

Division of Ofl, Gas, and Geothermal Resources

cc: RWQCB .
LI file
v wpovd

26

Twn.
308
308

3ns

#

o ®

Rge.
29E
23E
23K
29K,
3K,

Approval of Class II UIC Project #22800022: Tulare Formation in the Elk Hills Field
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Exhibit 15
Geologic Map
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(S‘oitrce."Mahe‘r“et al., 1975)

Occidental of Elk Hills, Inc. Exhibit 15-1 Tulare Zone Aquifer Exemption Document
San Joaquin Energy Consultants, Inc.- 10/2/14 Eik Hills Tulare Final 100214 Revi.docx

ED_001000_00029908-00137



Exhibit 16
Regional Groundwater Elevation Map of the Unconfined Aquifer
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Kern Groundwater Basin

Spring 2005, Lines of Equal Elevation of
Water in Wells, Unconfined Aquifer

Scale of Miles
4 B 4 B 42 i

General Area of Proposed
Tulare Aquifer Exemption

Contours are dashed where Inferred. Contour interval is 10, 20 and 50 feet.

Groundwater Elevation Map of Unconfined Aquifer (Department of Water Resources, 2005)
No unconfined aquifers shown in Tulare aquifer exemption area.
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Exhibit 17
Map of Designated Analysis Units in the Kern County Subbasin
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General Area of Tulare Aquifer
Exemption

N

| w
0 u

Seale of Miles

Designated Analysis Units within the Area of Review, Kern County Subbasin
(California Regional Water Quality Control Board, 2004)
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Exhibit 18
Type Log*

22 All geologic exhibits in this document were prepared by Mr. Stephen A Reid of OEHI, California -licensed
Professional Geologist No. 3876.
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Type Log
Tulare Formation
(Pleistocene)
Western Elk Hills Field
Well 36-30R

elevation 1302.0 feet KB

completed May 16, 1984

operator: Occidental of Elk Hills, Inc.
total depth: 1255 feet (md)
completed interval: Tulare Formation
status: plugged and abandoned

Hydro on and Water Character:
hydrocarbon occurrences: unknown

1214 feet (md). Well produced only 71
barrels oil during a short test in 1984.
Water characteristics: unknown

oil sands encountered in core from 1167 to
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e Type Log

om— ey .
Tulare Formation
: (Pleistocene)
o Central Elk Hills Field
S| Well 1CH-27R
g EIETEE
o g.if
S| Well Information:
8| i elevation 1400.0 feet KB
ol B completed May 8, 1990
w | B operator: Bechtel Petroleum Operations, Inc.
8§ Jue (now Occidental of Elk Hills, Inc.)
5| e total depth: 1000 feet (md)
drilled as a core well to test for shallow
sed contamination
status: pmgg@d and abandoned

hymmmm mwm&nmg umkmwz

water characteristics: density-neutron logs
show a "cross over” effect (red on log) and
indicates unsaturated conditions. Offset wells
confirm unsaturated conditions to the base
of the Tulare in Section 27R.

Mmm@& i

i 4

unsaturated interval - about 1100 feet thick (gross)

LA

lower Tulare Formation

» imﬂ% ¥ » IRl ¥ * 2B EETY K
San Joaquin Formation ~ICH-27RECL L T T e

BRI IR rmmeeEmnmr
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e S . Type Log
] Tulare Formation

8§, . (Pleistocene)
£ £8 South East Elk Hills Field
;{é T "g; ”‘;»zz Wﬂ" 38E"96
s E 2 -
e 22| |
| B |w = elevation 690.4 mm KB
g completed Nov, 22,2001
operator: Occidental of Elk Hills, inc

total depth: 4123 feet (md)
completed interval: Etchegoin/San Joaquin
status: inactive producer

Hydrocarbon and Water Character:
hydrocarbon occurrences: unknown

water characteristics: test in nearby well
48-9G vielded 7,168 ppm TDS from 585 to
935 feet (md), and 12,647 ppm TDS from

Aspene
Clavetune

& T L af o ST S e Y ¢ N . by s
uf;ﬁ“* ewi ﬁ’e # S § o . il

water-bearing interval 980 feet (gross)

L
o
% aup -
E ' g 1040 to 1275 feet (md)
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Exhibit 19

Structure Contour Map of the Base of the Tulare Formation
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Exhibit 20

Isochore Map of the Tulare Formation Gross Thickness
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Exhibit 21

Structural Cross-Sections
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SOUTH Cross Sectzon of Eik Hills, Section 18G to Section 198
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Exhibit 21-1: North-south cross-section along dip in the central area of the Elk Hills field
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Cross Section of Elk Hills, Section 4B to Section 16R
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Exhibit 21-2: North-south cross-section along dip in the west-central area of the Elk Hills field
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Exhibit 21-3: Northwest-southeast cross-section along strike through the central area of the Elk Hills field
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Exhibit 22

Structure Contour Map of the Base of the Tulare Unsaturated Zone
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Exhibit 23

Isochore Map of the Unsaturated Tulare Zone
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Exhibit 24
Stantec Borehole 43-36R
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Exhibit 25
Isochore Map of the Saturated Tulare Zone
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Exhibit 26
Summary of Water Well Data within the Area of Review
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Quad Knopf

Jure 18,2014

M, Richard Garcly
Owcidental Pewrolown
ZR590 Highway 119
Toprvan, CAYE6

Sobject: Research for Occidental Petrolenm on Polential Water Wells Located in the Following
Bestions: 1TR, 1303, 140, 186198, 208, 228, D38 and 328,

Diear W, el

Quad Knopl, Inc. is pleased o provide you with the results of our Water Well Resesrch for the above
retereneed properties insuppertol Occidental Peboleun’s DOGGR aquiferexemption application. We declare
it we bwe perfnmed the reguested Inguiey o the best o our peolissional losowledpe and beliel Our servives
were provided i scoordanee with an eoall proposal dated May 16, 2004 with 2o emall notice o procesd on
ey 20, 2004 from Bolan Powler.

A ruested, Quad Kool was toovenly e proseoce or lack therol of water wells (regation or domestic) tht
fall wthin the bounds of the Bl Flills ofl field, specifically for sections 17R, 1303, 14G, 18G, 198, 208, 225,
238 ad 328,

Ty ovgr senonds reviewe snd site reconmeissance visit Tor Oecidendal Petroleum. Bl Hills research project, # was
determined that & nieber ol waler wells (odusirial, mgation and dorstic) were Bsted (evrrent snd BistoresD
that fall within the bounds of the Elk Hills oil Tield (specifically in the sections requested or direcly adiacent),
OF these potentinl water wells two {21 were determined 10 be cathodic peotection, one 17 sn sbandonid bouse
with noevidence of o well, four (1) projected vl sites had vo evidence of s well within s 500464 Got radios
and one (1) well deliled in 1990 by Texaco Ol for industriad purposes thet could not be Tocased in Section 140
near the Dustin Acres residential development off of golf course road cast ol Highway 119, West Kem Water
Dhistrict prowides all domestic water fo the Dustin Acres residential areh. See mitached photoplates for sdditional
denl. Therefore, based upon our research and reconnaissance it was determined that no domestio water wells
ave located within th Bk Hille ofl ield boundary (e stiached map)

Hoyons have sy guestions regarding this report, or need further information, plesse contact Keistie Aches or
Heather Elhison st (56116162000,

Cuad Knopt, Ine ;

Kriatie Aches
Survey Department Manager

SN il Ao, Sl 200, VbS8 LA R CADG 0 0I5 P b i I
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Map of well locations verified by Quad Knopf, shown in red.
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Location - Dl or Water Water Results of Site
Site General | Defined Location Date Well Mo. | Depth| (Domestic/irdgation] | Depth|  Owner Reconnaissance
Sections Reguested by Oxy: 178, 136, 1446, 186,195, 205, 225, 235 and 3258
65 FrEtosec line,
Section 17R 2400 Stosec Orlando
Z21305/238) lipe frowen well 3/9/1959 17 IR rrigation 36 Torigiant | Anode well
Section 198 [Tract 2139 APN 19F CesarA. | Nothing found within 500 ft
3305/ 24E) 1B0-050-39-00-2 | B/15/1988 283566 305 Water (Domestic) 30 Vasguez  Iradius
WW ornerof SW Maval
Section 208 (guarterof 2001 Petroleum
A A4305/24E) southeast quarter | 4/15/1979 22135 TA0 Water {Industrial) 433 [Reserve #1 Anode well/ potin service
400 T east 1o
Section 225 Section line from 22H . Nothing found within 500 ft
71{308/24E) well, 1450 ftnorth| 9/22/18959/342725 242 water Irrigation 80| Roberta radius
Section 225 Unable to | Nothing found within 500 ft
51305/24E) Unknown™® 1925220 1875 Unknown reat] radiug
Mo visible svidence of
water well. House and
Section 225 Unableto |other structures adjacent
G305/ 24E) Unknown™ 1926220 3356 Uknown read areabandoned.
100 1 south oto
Section 325 |section line from Mothing found within 500 ft
BH206/248)  owell, 2400 fwest | 1/1B/1957 444371 346 domaestic water 325 0pal Culp. radius
No evidence of well lozated
within 500 frradius.
34 mieastof Location of well listed near
Section 146 [hwy 119 on golf 14H Texaco the Dustin Acres residential
G 315/24E) course rd B/27/189901 278652 312 industrial water NiA USA development.

Note: Domestic water wells did not require any notification or permitting with the County priorto 1980,
*weells included on list-due to extremely old dates and likelihood of the wells abandoned without record.
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Biie 4 anode well « No

PHOTOPLATE 1
Guad Knopl
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e
/

Site 6 « No visible evidence of a water well. Structures adjacent 1o the well
are abandoned.

Site 9 - Water tank. No well visible, but the tank appears to have a fill line
running up the side. This address, 11711 Hatch 8t is receiving its

domestic water Trom West Kem Water Distnie

PHOTOPLATE 2
Cuad Krop!
Occidental of Elk Hills, Inc. Exhibit 26-5 Tulare Zone Aquifer Exemption Document
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Exhibit 27

Tulare Groundwater Analyses
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TDS DATA FOR INDIVIDUAL SOUTH FLANK TULARE WELLS: 1979 TO 1993

GROUNDWATER QUALITY DATA -~ TULARE WATER SOURCE WELLS

Well Average TDS Year Remarks
Concentration
(mg/l)

43WS-13B 4,485 1993 Idle water source well
284WS-13B 4,545 1993 Abandoned water source well
282WS-14B 5,820 1993 Abandoned water source well
45WS-18G 6,142 1993 Abandoned water source well
86WS-18G 5,665 1993 Idle water source well

48-9G 7,168 1978 Abandoned water source well

48-9G 11,788 1978 Abandoned water source well
57TWS-9G 6,570 1978 Abandoned water source well

S5TWS-9G 11,752 1978 Abandoned water source well

61 WS-8R*

7,009

1987

Abandoned water source well

(Source: Phillips, 1992; NPR-1 Ground Water Protection Management Program, April 1994)

*An updated groundwater analysis from 61WS-8R, dated May 17, 1988, had a TDS concentration
of 8,720 mg/l (OEHI UO-NPR#1 Laboratory Services, Geochemical Water Analysis).

NOTE: Analyses in the lower Tulare Formation which have TDS concentrations greater than
190,000 mg/1 are highlighted in yellow. All other groundwater analyses are from the upper Tulare

interval.
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Table 5. TULARE FORMATION - SOUTH FLANK

MEAN WATER ANALYSIS DATA

GENERAL MINERALS m&ﬂ l METALS m&/ﬁ
Calcium, Ca 3”3’&%‘ Antimony, Sb <0,20 |
Magnesium, Mg 102.00] Arsenic, As 0.0047+4
Sodium, Na 1287000 Barium, Ba <310
Potassiom, K 5200 Beryllium, Be <03,01
Iron, Fe 0.201 Cadmium, Cd <0.01
Hydroxide, OH 0,000 Chromium, Tr <0, 05
Carbonate, OOy 0008 Cobalt, Co 0,10
Bicwbonate, HCO, 180,000 Copper, Cu <30
Chioride, Ol 1625 00] Lead, Pb 0. 0208
Sulfate, 80, 1435000 Mercury, Hy 00,002
Boron, B 616, Molvbdenom, Mo 103+
TDS (Grav.) 5025.00] Nickel, Ni 0.0559+
Selenium, Se <3005
pH 7.60] Silver, Ag <002
Electrical Conductivity
{mohm-meters) T330.000 Thathum, Th <320
Specific Gravity (g/mmz} 1.004F Vanadium, ¥V <. 10
Resistivity (Olun-meter) 1400 Zinc, Zn {,058094

MOTE: Mean values based on 1993 data from four south flank water source wells,

+ Cohen's Method Used.

Average Concentrations in South Flank Tulare Groundwater: 1/96 to 2/98

(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No. 1)
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(={wd Laboratories, Inc. U

Emviroreemrisl Testing Laboratoey Sove 1040

Ciigidhersial of Elk Hills Reported: OHDHZ0ME 1304
10800 Stockdae My Project SB4 Sampling
Babersfiehd, Tk B5371 Projent Mumlber: 554

Project Manager Asean Barbie

Water Analysis (General Chemistry)

BCL Sample £ 141108401 | Client Sample Name: Bl Hills Well 82-28, 5172014 4:05:00PM, Rick Ogletree
me Lab
Constituent Result ipits POL MOL  plethod Hias Guals Hun #
Etsetrical Conductiity @ 15 © (Fisd 2runn s Lt L EPLA-TY 1
Tanl o
B {Fipd Tont) T pHunis 005 BO5  EPE-TSBA 5
Tomporaturs (Fisia Taat) P ¥ e wWE SHAsHE 3
Tiskad i 5 g n Lk EPR-E08 WD B 4
Total Magnsstim 20 gL 10 Wi ERALGIE 0rE 430 4
Tutat Goddivm 41 gl ] 18 EPL-RUHE WL {2 &
Totat Potassium st mgn. 2 18 EPAGHIGE Ho P 4
Blowrponate Alksinity s CaCon e L. B2 &2 EPA-TVLE B 5
Carbonate Alkakinity as Cal0% HD gt a2 B2 EPAGIDS D 5
Hypdrosidle Allsfinity a5 Caless N mgil. 82 82 EFASIO D 5
Total Alatindy 45 GaC03 54 gL 8.3 82 EPASILS NI 5
Bromits 5 g 50 23 EPRSUGD L g &
Chinrie O gk 5 87 EPR-000.0 et} i i
Fluoride ) gl 25 070 EPASILD D A 5
Hitvabe a5 NS O g 2 55 EPAJIND n At §
Salfate yau gL B0 L2 EPL-300.0 LY L B
e TAT P Lt nos Bus EPL-150.% 0% B
Exetrinal Conducloy 25 0 %108 wmhosis 100 Y EPARA )
L
Tuibal Dtasatyed Sotide 5 180 © Ly [ i Tty EPL-108% D k1
R ar
Sun # Wethod Prep Date DatelTime Bnalyst instrument Diletion  Baleh 1D
1 EFA-120.1 DT o 1605 REOD st i BXENT
2 EPA-150.1 oI T 0 REC tst 1 BXEDI
3 SHIEE0E BT UET4 805 RED st 1 BXERI
4 ERA-B0108 T oI TR4E ARD PE-OFZ 28 BXETS
& EFA-310.1 A0/ DRI 228 PML MET-1 z BRE1784
8 EPAI00K e T S 1 50 BNEH1
7 EPA-3000 I OEIE 1E3E OLH Pt 0 BNE158!
8 EFA-ELT B0 ONHYI4 26T RML WET-1 1 BAETE
o EPA1I0.1 0 DEIG4 Z2ER FML HET-1 1 BHETT
10 EPA-60.1 B DI 400 FRP MANRIAL 00 BXETTE
??wmmxmzmmpm@a b e it ool il i i il 4 B i : ; e ;
Report 1D 1000242073 100 s Couat Eskerstald, GA G308 (981) 5274011 FAX (991) 271018 whvs et com -
Groundwater analyses for the 82-2B in the lower Tulare interval
Occidental of Elk Hills, Inc. Exhibit 27-3 Tulare Zone Aquifer Exemption Document
San Joaquin Energy Consultants, Inc.- 10/2/14 Elk Hills Tulare Final 100214 Revi.docx

ED_001000_00029908-00171



Inc. },}

Laboratories,
i it s 1048
Doidentst of Bk Hills Repored:  OROSZDM 1304
10800 Stokdale Hwy Project 584 Sampling
Bakershsld, CA §3311 et Mumber SE4
Projmct Manager. Aavon Barbie
Metals Analysis
BOL Sample 10: 14110840 Client Somple Hame: 5 Hills Well 82,28, 5170014 405.00PR, Risk Ogletres
TILG Lab
Constituent Hesult Units POL WMOL  method Limits Guals B #
[ e T 3] gl Zh 096 EPATIR B G 1
Tokal iy B g 2000 7Y EPASDINE E00000 A1 2
Tickall Brsanic L ugl 00 1 EPASDOE 000 a1 7
Todar Bartin 60 gt o 7 ERA-LR0E f s B b
Tokail Bangum D g b 1 EPASINE TE000 A el
Toter Boron BF g, Ry e EP4-S0108 e z
Tt Conchrian ) g 0 Zr EPASDIOE 000 AT 3
Total Chrosien HEx gt 200 2 EPASUYE TERRIR = b
Tkl Crbalk W ugl b 2% EPASUIDE Eeis) s fed
Total Copper B ugl 2 2 EPASDNE DR A3 E
Total Load N gl 000 B EPASDIOE R AT FY
Tk LA (& et Dy n1z ERL-S00B B e
Tkt Waroury MO ugh. 20 024 EPATE0A 20000 A1 3
Tkl Wickybdanun L wgl 0 24 EPABDNE kv v i) A )
Tirkh MR &r f ] 40 EPL-B0308 il i e S50 s
Toksl Setenin T2 YL i i ERARO IS s S o
okl Biver L gl s 38 EPASDIDE B0 AW 2
Total Gl 1w g, [ BPE EP BB sy i
Tl Thialurn: HE gl 2000 B0 EPAGDIE OO B 2
Ttsl Vanadim HI . & 44 EPASDIOB SALRII Y P
Fkat Tivw 45 wL p 45 EP A0S BOO S h)
Total Fecowerable Usanium hEx L %4 03 EPAJIDE 0 4
Run ac
Bun# Whethod Frep Date DatelTime Bvabyst Instrument Dilution  Baleh I

i EPA-7 106 e Wiwia 11 T WOME- i BHETT21

2 EPR-BI0E BT AT 1245 ARD PEDP s} BREZTE

3 EPA-T4T0 ELTI DI AT WEV CETACT ] BVEZIDE

4 EPA-ZIE BB DEOME TION EAR PEELD 5 BHEIIUE

B rm»imwﬂww«mw{w s e 4 ; b o ol ; ,, 5 i j e ot e
Rieport 10 1000042075 4100 Al Court Hakersoaid, CA 03306 (861} T274311 FAK (361} 271018 e bclats oo Page 't of 26

Groundwater analyses for the 82-2B in the lower Tulare interval
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Table 6a.

s i
e

WATER SOURCE WELL #43WE-13B
WATER ANALYSIS DATA (mg/kg)

gsnawz 6-95 7-95 8-95 9-95 |
§?amxpnm # 95094 85150 95182 95189 |
gﬁcauﬁmxwvmﬁwgz
%E&almium, Ca 230 230 220 240
%ﬁmagmmmium, Mey a5 85 492 g3
%ﬁﬂﬁiﬂm, Ha 1280 1300 1400 1300
g‘?ataﬂmium, A 5,2 4.8 8.8 8.6
Iron, FPe 0.4 0.51 0.38 0. 54
Hydroxide, OH ) 0 0 0
Carbonate, O3 o o 0 &
Bicark, HCO3 180 190 180 180
Chloride, €1 1360 1400 1300 1400
Sulfate, 504 1600 LE00 1500 1600
| S8ulfide, 8 <5.0 <5.0 <5,0 <5,0
Totals $660 4700 L400 4700
Boron, B 4.7 4.6 4.7 a.7
TDE {(Grav) SBY0 ABO0O 4900 4200
Havdness, CaC03 G20 920 930 930
| Alkalinity, 180 160 160 150
CaCol
Sodinn Chloride 3690 3700 3500 3800
wH T8 B.1 8.0 7.9
Electrical £.99 7.0 6.9% £.99
Conduotivity mmhos fom mmbios S o mmhios fon mirhos ) cm
Specific 1.003 1003 1004 1.003
Gravity
Resistivity 1.43 ohmm | 1.43 ohmm 1.43 chmm | 1.43 ohmm
. NOTE: $a@y1a ay@}yﬁiw is from Zaleo Laboratory.

(Source: NPR-1 Ground Water Monitoring Plan, 1995)
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Table 6b. WATER SOURCE WELL #43WS-13B
_WATER ANALYSIS DATA (mg/kg)

3

SAMPLE # 95218 95262 95280
 CONSTITUENTS:
| calcium, ca 230 230 260
EMﬂgn@miwm, Moy a6 100 4%
;ﬂw&ium, Ha 1200 1200 1200
' Potagsion, K .4 9.7 g.1
Iron, Fe 0.45 0,26 0.3
Hydroxide, OH 0 0 0
Carbunate, Q03 o @ 0
 Bicarb, HCO3 180 190 180 "
Chloride, 1 1300 1300 1300
 Bulfate, 504 1600 1600 LE00
Bulfide, 8 <5, 0 <5, 0 <8, 0
| Totals 41600 4600 4500
Boron, B 4.5 4.9 4.6
TDE {[Grav) 4900 49040 4800
Hardness, CaC03 | 970 990 1000
 Alkalinity, 1540 160 180
 Calod
Sodiup Chloride | 3600 3700 3500
pH TG 7.8 7.8
Electrical 7,00 7.01 6.85
 Conductivity mphos /on mmbios fon mwmhios /on
| specific 1.004 1.003 1.003
Gravity
Resistivity 1.43 ohmm L. 43 olhumm 1.46 ohnm
‘gggﬁ: M%%ﬁg%ﬁwgﬁﬂ%gﬁiﬁ iz from Zaleoo Laboratory.

(Source: NPR-1 Ground Water Monitoring Plan, 1995)
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TABLE 9. WATER SOURCE WELL #43WS-13B WATER ANALYSIS DATA

1996

GENERAL MINERALS
DATE 1/29/96 1 3/25/96 | 4/30/96 | S/30/96 | 6/26/96 | 73196 | 829/96 | 9/30/96 | 10/29/96 | 11/25/96 | 12/23/96
SAMPLE & 96003 96065 96096 96148 96171 96235 96272 96328 96384 96401 96438
CONSTITUENTS
%_m_gm
Calcium, Ca 270.00 248.00]  247.00 249,00 254,00 251000  246.00 231.00 249 00 258.00 255001
!M&gﬂ%ﬁm Mg 100.00 90,00 £9.00 29,00 91.00 92.00 90,00 91.00 91.00 92.00 93,001
Sodiurm, Na 1100.00, 124000,  1160.00]  1180.00]  1190.00]  1230.00] 1210.00] 1260.00] 1200.00] 122000]  1210.00}
IPotassium, K 9.9 9,40 1.80 420 7.80 2,00 .00 .10 3.40 .00 5400
lliron, Fe 0.1 0.28 0.32 0.43 0.74 4.55 0.32 .46 0.13 .25 ozua
Carbonate, CUs 6.00 <26 <35 <26 14.50 <26 <36 <26 <26 <36 <2.6
;hicarbomm, HCO, 160.00 188.00 180.00 177.00 151.00 177.000 183.00 18800 177.06 179.60 179.00)
Chloride, €] 1300.00  1400.00]  1300.00]  1270.00,  1280.00]  1280.00]  1340.00]  1320.00]  1270.00]  1290.00]  1190.00
Sulfate, 80, 1400.00] 1680001 1730.000  1680.00]  1640.00]  1A50.00,  1700.00] 1680000  169000]  1670.00]  1360.00)
Boron, B 4.0 5.20 470 4,90 5.10 480 4.60 490 4.80 5.00 4.50]
TS (Grav.) 490000 4780000  4660.00] 4680000  4BR0.00]  4900.00)  4800.00]  4870.00) 485000, 4700.00] 479000
H 7.70 7.50 7.90 7.80 220 8.20 7.70 772 7.77 7.83 7.81
Electrical
Conductivity (molm-
meiers) W0.000 7190000 6500000  6900.000 7100000 7080001 7200000 7100000 6980000 7000.00]  7010.00
Specific Gravity
(gfem’ 1.00 101 101 1.01 1.01 100 1.00 1.00 100 1.00 1.01
Resistivity (Oht-
meter) 142 1,39 1.45 1.45 1.41 1.41 1.39 1.41 1.43 1.43 1.43

ORGANICS
DATE &II6/96]  GI26/96]  6/26/961  6/26/96]  12/23/96]  12/23/96] 122396 12/23/96
SAMPLE ¢ 98172 96173 96174 96175 96448 G6440 95450 96451
CONSTITUENTS
(mg/l)
Renzene 00005 =0.0005]  <0.0005]  <0.0005 <0.00030 «<000031  <0.0003  <0.0003
Toluene <0.0005]  <0.0005]  <0.0005 <0.0005 <0.0003  <0.0003]  <0.0003  <0.0003
Eihyl Benzene <0.0005  <0.0005] <0.0005| <0.0005] <00003  <00003] <0.0003  <0.0003
Total Aylenes <0001 <(3.001 <0.001 <0001} <0.0006] <00006]  <0.0006]  <0.0006

(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No. 1, Summary of Data, January 1996 through February 1998
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1997

| GENERAL MINERALS

|_DATE

1/28/97

| SAMPLE #

97013

 [CONSTITUENTS g

{f}a @ﬁ

Magmesiom, Mg

| Sodium, Na

Potassim, B,

Tron, Fe

Carbonate, C0,

Bicarbonate, HCOy

Chioride, C1

Sulfate, SO,

Boron, B

” TS {Grav )
| ol

Electrical Conductivity (mohm-

| Specific Gravity (glem”)

Resistivity (Ohme-meter)

| pATE

SAMPLE #

CONSTITUENT (mg/l)

Benzeve

Toluene

thyl Benzene
Total Xylenes

e

TABLE 8. WATER SOURCE WELL #43WS-13B WATER ANALYSIS DATA

(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No. 1)

Summary of Groundwater Data, January 1996 through February 1998

Occidental of Elk Hills, Inc.
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rable 7a. WATER SOURCE WELL #84WS-13B I
S ___WATER ANALYSIS DATA (mg/kg) , |
| pare - §-55 7-95 §-95 9-95 |
%s&mwnﬁ # 95099 95151 95183 95190 |
| consTITUENTS: !
%Qaimimm, ca 340 340 330 140 |
| Magnesium, Mg 120 110 130 130
!5mdium, Na 1360 1400 1400 1500
| potassium, X 10 10 10 9.5
Ezrmn, Fe 0.61 0.94 0.38 1
Hydroxide, OH 0 0 4] 0
| carbonate, CO3 0 0 0 0
| Bicarb, HCO3 200 210 210 210
 Chloride, C1 1860 1900 1900 2100
| sulrate, S04 1480 1500 1500 1500
 sulfide, & <%, 0 €%, 0 <5, {0 “8,0
Totals 5270 5300 5400 5600
Boron, B 6.2 6.2 6.4 6.6
TDS (Grav) 5550 5500 5600 5600
| Hardness, CacC03 | 1200 1300 1400 1400
Alkalinity, 170 LI 170 170
| caco3
| sodium Chloride | 3200 4400 4400 4700
pH 7.5 7.9 7.9 7.8
Electrical 8.12 8.13 8.3 8.25
Conductivity mhos/en mmhos /cm mmhos /on mmhosfon
specific 1.003 1.004 1.004 1.004
Gravity
| Resistivity 1.68 ohmm | 1.23 ohmm | 1.21 ohmm | 1.21 ohmm

i

(Source: NPR-1 Ground Water Monitoring Plan, 1995)
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Table 7b. WAT

ER BOURCE WELL

e AR

#EAWS-13D

WATER ANALYSIS DATA (mg/%?

| paTE 10-95 11-95 12-95 ?
| samprLe # 95216 95261 95275 i
.§ﬂ0ﬂ$%1¥ﬁﬁnwﬂz
iﬁalmium, Ca 3850 340 &30
 Magnesium, Mg 130 130 170
Eﬁmdium, Ma 1400 1400 L8O
} Potassium, X 11 9.9 13
| Iron, Fe 0.73 0.26 1.6
%ﬁ~ﬁrm%ia@, OH 0 0 o
Carbonate, €03 1) 0 G
| Bicarb, HCO3 210 210 230
ﬁﬁ%im%iﬁ@, ) 2000 2000 2700
ﬂ Sulfate, B804 18500 LBEO0 1500
J Sulfide, 8 <8, 0 B .0 “5 .0
Jé%atalw 5400 5400 6700
| Boron, B 6.2 6.7 9.7
;fwma (Grav) 5700 5600 7000
Hardness, a0l L4000 L400 1700
Alkalinity, 170 180 190
Lacol
Sodium Chloride 4500 4 500 5700
?yﬁ T 6 7.7 Tl
Electrical .49 8,36 10,46
Conductivity mmhios fon mumhos fomn mhos /on
Specific 1,004 1.004 1.008
Gravity
Resistivity 1.21 chmm | 1.2 ohmm 0.56 ohmm %
NOTE: Sample analysis %f from Zalco Laboratory. W%E

(Source:

NPR-1 Ground Water Monitoring Plan, 1995)
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TABLE 11. WATER SOURCE WELL 284WS-13B WATER ANALYSIS DATA

1966
GENERAL MINERALS

DATE 1/26/96 2128196 3/25/96 6/26/96 731196 8/29/96 9/30/96 10/29/96 | 11/25/96 | 12/23/96
SAMP‘M&%# G6004 96051 96066 96176 95234 93270 96327 96353 96404 96437
(mg/l)

Caleinm, Ca 410.00 400.00 288,001 354,00/ 404,00 389.00 376,00 395,001 413,00 409,00
Magnesium, Mg 140.00] _ 140.00 9400 _ 118.00]  129.00] 12900 13400 _ 131.00]  139.00]  143.00}
Sodiom, Na 1300.00 1500.00 1110.00 1200.00 1270.00 128000 1320.00 131000 1310.00 133 0.0&&
Chloride, Cl 200000 2000,00 1470.00 1830, {}4}2 202000 2080.00 2100000 2150.00 216000 22001)0%
Sulfate, 8O, 1400.00 1700.00 136000 1290.00 131000 128000 125&&%% 1300.00 1270.00 125{},0{}]}
Boron, B 6,90 6,50 4,70 6.60 7.20 6.40 7.64}% 7.90 8.10 3.2@1]
TOS (Grav.) 5800.00 580000 4550.00 536000 548000 554000 5610.00 5620.00 530000 5670.00(
Epl—i 7.40 7.80 7.60 820 8.10 740 7.36 715 7.56 7.32)
Electrical

Conductivity (mohm

mieters) 410,00 8430.00 6950.00 8010.00 {24000 846000 8620.00 8600.00 B700.00 900,
Specific Gravity

cmz} 1.004 1.004 1.005 1.005 1.004 1.004 1.005 1006 1.003 1,605

Resistivity (Ohm-

raeter) 1.19 1.19 1.44 1.25 121 1.18 1.16 1.16 1.15 112

ORGANICS

DATE 6/26/96 6/26/96 6/26/96 &/26/96]  12/23/96]  12/23/96]  12/23/961  12/23/96

SAMPLE # 96177 96178 96179 S61E0 96444 96445 96446 96447

CONSTITUENT

(mg/l)

Benzene 0.016 G015 0.015 0015 0.028 0.027 0031 0.031

Toluene 0.00052 <{1.0005 <0003 < (0005 =3 D003 <, 0005 <{,0008 <(0,0005

Ethvl Benzene <3, 0008 <}, 0003 <0005 <0.0005 <(3,0003 «<(3,0005 <(3.0005 <0.0005

fTaml Kylenes <0,001 <3 0005 <, 0005 (), 0005 <{3.0006 <3001 <(.001 «<0,001

(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No. I, Summary of Data, January 1996 through February 1998)
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TABLE 10. WATER SOURCE WELL 284WS-13B WATER ANALYSIS DATA
1997

AT 128097 | 2027/97 | 3/26/97 | 8/8/97
ISAMPLE # 97012_| 97043 | 97072 | 97224 | 97385

\Calcium, Ca | 46300 436.00]
Ao iimk M@ 158.00 137.00
Sodium, Na
Potassium, K

| 13700 148.00

1440000  1300.00]  1370.00]  1570.00|
9,00 910 8.70 9,70/
1,12 0.78 0.87 2.09
<26 <26 <16 <26
224.00 21500 24100 241.00
2400000 2220000  215000f 241000
127000 1200.00]  124000f 122000]
.00} 8.80 9,20 9.40 10.00|
5870000  5750.00] 5720000  6230.00]  6190.00)
7.23 7.11 7.00 7.04 7.09]

9310.00 2850.00 8830001 935000

IResistivity (Ohm-
[meter)

1.004 1.004 1.005 1,004

107

L7

(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No. 1, Summary of Data,
January 1996 through February 1998)
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Table 8a. WATER SOURCE WELL #282W8-14B
E—  WATER ANALYSIS DATA (Mg/KG) o
DATE E=05 TG s A5 G5
SAMPLE # 95104 95152 95181 95187
CONBTITUENTS
caleium, Ca 320 320 300 3L0
Magnesiuvm, Mg 81 | 871 87 #7
Sodium, Ha 1000 4910 980 1O00
potassivm, K 7.8 T, 8 T3 7ol
Iron, Fe .1 i1, L “l. % «0. L
Hydroxide, OH ] ] ) o
carbonate, CO3 0 4] 4] 0
Bicarb, HCOD 110 120 110 110
Chloride, Cl 1090 1100 1100 1100
gulfate, 504 1610 1600 1600 1600 %
sulfide, 8 <5. 0 “5,0 <5, 0 <%, 0
Totals 43170 43100 4100 4200
Boron, B 4.2 4.2 4.1 4.1
TDE (Grav) 4470 4400 4400 AE00
Hardnoess, CaCol 1130 1100 1300 1100
Alkalinity, 53 98 87 52
Calod
sodium Chloride 3130 3100 3100 1200
pH 7.7 6.0 7.8 7.7
Electrical &.25 6.22 PR G 15
conductivity minhos f om pmbios f on mmbios / On mmhios f o
specific 3. 003 3. 003 1. 003 1.003
Gravity
Resistivity 1.6 ohon 1.61 ohmm | 1.62 ohmm | 1.63 ohnn
HOTE: SBanple analysis is from zaleo LaboratolY.

(Source: NPR-1 Ground Water Monitoring Plan, 1995)
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-
rable Bb, WATER BOURCE WELL #2B2WE~148
_______ WATER ANALYSIS DATA (mg/kg)
DAT 10-95 11~9% 1295
SAMPLE # 95219 GB263 BEIBE
CORSTITUENTS:
Caloiunm, Ca 310 320 360
Magnesium, Mg 87 G4 G
gmdﬁ,um, Na 980 950 920
Potazsium, K 7.4 8 7.5
Iron, Fe <. 4 <0, 1 <. 1
wﬁgdxmxidm, Ol o : i o
Carponate, CO3 0 o o
Bicarb, HCO3 110 110 120
 Chloride, €1 1100 1100 1100
% Sulfate, 504 1600 1600 iﬁ&é
sulfide, 8 “%, 0 <%, 0 «5,0
Totals 4100 4100 A100
Boron, B 3.9 4.4 4,3
THS (Grav) 4500 4400 4400
Hardness, Caldl 1100 1200 L300
Alkalinity, G0 94 95
CaCO3
Sodium Chloride 3300 3100 000
pH 7.7 i T
r BElectrical G2 6.22 .85
Conductivity mabhos fon b /O winhos f om
specific 1.003 L.003 1.003
Gravity
Resistivity 1.61 ohmm | 1.61 cohmm 1.71 ohmm
NOTE: aumglmmgggggﬁiﬂ is from Zalco Laboratory.

(Source: NPR-1 Ground Water Monitoring Plan, 1995)
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TABLE 6 . WATER SOURCE WELL 282WS-14B WATER ANALYSIS DATA

1987
GENLRAL MINLRALS
DATE 128097 3T | 306097 40097 | 5967 | eBOST | 10 o207 | 0T | 120397 | LIOS06 | 12423096
SAMPLE # 97014 97042 97073 97108 57133 97177 97308 97308 97386 57541 96405 96139
CONSTITUENTS
(me/l)
Calcium, Ca 364.00 360.00 360.00 365.00 342.00 332,00 337.00 356.00 362.00 323.00 350.00 349.00/
IMagnesium, Mg 27.00 83.00 82.00 83.00 $4.00 £4.00 84.00 21.00 89.00 92.00 23,00 3.
Sodium, Na 990.00 938.00 856.00 976.00 972,00 966.00 954.00 882.00 928000 106000 936.00 9400
Potassium, K 6,50 7.00 870 660 7.00 .50 6.70 900 750 820 510 6.
tron, Fe 6171 0070 0,105 0,126 0.105 0.110 0.085 0.004 0.062| 0.127 0.063 0, i
Carbanate, COs <6 <6 <6 <26 <26 <36 <26 <26 <26 <16 26 <2
Bicarbonate, HCO, 104.00 103.00 104.00 110.00 111.00 103.00 104.00 105.00 108.00 105.00 106.00 104.00]
Chloride, C1 1100000 1070000 io4po0l  108eon]  1040.00| 1060000 1040000 1050000 110000 100000 1040.00 zcmﬁi
%m%;iﬁamy 30, 1620000 1500000 1860001 15BO.00] 185000 1600.00, 157000, 1560000 160000  1480.00]  156D.00] 1546,
4.40 4.10 4.50 4.40 4.30 3.70 3.90 3.90; 4,60 430 4,10 3.800
1260001 4330.00]  4370.00]  4430.00]  434000] 429000  434000] 450000,  4400.00] 434000 415000 4330.00)
773 165 764 7.68 743 756 781 797 760 766 780 7790
5210000 6240000 6210000 625000 6200000 810000 620000 6240000 615000 6160000 6160.00 mmoou
1003 1,005 1,004 1.003 1.004 1003 1.004 1.006 1004 1.2 1,603 1.m5”
1.61 1.60 1.61 1.60 151 1.62 161 1.60 1.60 1,60 1.43 x.aaé
ORGANICS
DATE /30097 530097 61097 G0/071 | 12207 12027 12197 1am2mT
IsamPizs 97182 57183 97184 97185 97543 97543 97544 97543
CONSTITUENTS
(mg/)
e 000030 <0.0003]  <000030  <000030  <0.0003] <0.0003]  <0.0003  <0.0003
olusne <0003 <0.0003] <00003] <00003]  <0.0003]  <000031  <00003  =0.0003
Bthl Benzene 000031 <00003  <00003]  <00003]  <000030 00003 <0.0003  <0.0003
E’rml ylenes 000061 <00006|  <0.0006]  <0.0006]  <0.0006]  <00006] <0006,  <0.0006

(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No. I, Summary of Data, January 1996 through February 1998)
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TABLE 7. WATER SOURCE WELL 282WS-14B WATER ANALYSIS DATA

1996

GENERAL MINERALS
DATE 21996 | 22896 | 3(25/96 | 43006 | 3096 | 62696 | 7196 | 8/29/96 | 9/30/96 | 10/29/96 | 11/25/96 | 12/23/96
SAMPLE ¢ 96005 96049 96067 96097 96149 S61%1 96236 96273 96329 96385 95405 96139
Ewmxnumm
(mgfl)
[Calcium, Ca 370,00 370,00 362,00 354.00 354,00 348,00 355,00 349 00 328.00 345.00 350.00 349.0
Magnesinm, Mg 91.00 £7.00 21,00 20,00 81.00 80.00 $L.00 82,00 80.00 2200 £3.00 93,00/
Sodium, Na 980,000  1000.00 930,00 928.00 956,00 92500 938,00 923,00 970,00 930.00 936.00 94000
Potassium, K 7.80 7.70 7.20 1.40 .60 6.10 6,20 6.20 €.20 660 6.10 6,60
Trom, Fe <f).1 <}, 1 0.07 0.07 0.10 .06 0.15 0.09 0.10 0,11 0.06 0.06
Carbonate, COs 6.00 0.00 <26 <26 14.30 <36 <25 <26 <26 <2.6 <26 <7
Bicarbonate, HCO; 120.00 100.00 169.00 103.00 12400 103,00 105.00 106.60 109.00 104.00 106.00 104.
Chloride, Cl 1200000 1100000 3080000 1100000 1060000 1020000 102000,  1080.000 1060000 1040000 1040.00 wz&g%i
Sulfate, SO 1300.00]  1800.000  1580.000  1650.000 1600.00] 154000 1540000 1610000 160000, 158000 1560.00] 1540
Boron, B 420 3.80 4.00 3.90 4,40 440 4,00 380 4.10 4.20 410 3.801
TDS (Grav.) 4500000  4400.00)  4280.00] 4240001 4240000 440000 4360000  4260.00) 434000  43R0.00)  4150.00; 4330
H 7.60 770 7.80 7.80 760 2.001 £.00 7.70 772 7.69 780 7.77
Electrical
Conductivity (mohm]
mieters) 6250.00] 6120000 6I0000] 6100000 6360000  6170.00 6120000 620000  6210.00] 617000, 6160001 630000
Specific Gravity
e’} 1003 1.003 1.005 1.006 1006 1003 1.002 1.004 1.005 1.004 1.003 L.00S
Resistivity (Ohme
meter) 1.60 1.63 1.64 1.64 1.57 1.62 1.63 1.61 1.61 1.62 1.43 1.59

ORGANICS
DATE 6/26/96]  6/26/960  6/26/960  6/26/96] 12/23/961  12/23/96]  12/23/96)  12/23/96
SAMPLE 2 s 96182 96183 96184 96155 96452 96457 6454 96455
TORSTITUENTS
{mg/l)
Benzene Q0005  <0.0005] <0.0005] <0.0005] <00003] <0.0003  <0.00031  <0.0003
Toluene <(,0005  <0.0005]  <00005]  <0.0005]  <DO003]  <0.0003 <00003  <0.0003
Ethyl Benzene <Q.0005  <0.0005]  <0.0005]  <0.0005] <00003]  <0.0003  <0.0003  <0.0003
Total Aylenes <{},00] <0001 (), 001 <0001  <0.0006) <0.0006 <D0006]  <0.0006

(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No. I, Summary of Data, January 1996 through February 1998)
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Attention My, Jim White

#E - 7;._

GEOCHEMICAL ANALYSIS OF WATER Pro-391

—

DATE OF ﬂkﬂ'&ﬁ?
SATE OF SAMPLING

wELL W6. 48.96 Int. 1275-1040
i‘:‘;::” Williams Bros. Engineering Company

SAMPLED BY
LABORATORY Wo. 3012 EONE  Flowline while swabbing 5:20 pm
ANALYST L AMpLE | Leom. Q00
BARICALS e BEARTING YALUE. ... BEACTING YALUE
MILLIGRAMS FEX LITER EOUIVALENTS poIx MEILLION PIRLENT
soorom HPotassiummtl 3921.23 170.49 40,62
CALCTUM cs 610. 30.5 1.27
HAGHES UM Hy 108. B.88 2.12
BAR UM b {«} 1.
STRONT UM s
SULPHATE 50, 1800, 7.5 8.93
CHLORIDE et 6049, 5 170,89 40.72
CARBONATE £o, - - -
BICARBONATE HEty a0.1 1.48 0,38
HYDROXIDE oM
1oDIDE 1
SILICA $10, 68
EROW, ALUMINA R0y .
TOTAL 12647, 419.7 100,00
GROUP 11 ) HBISCRLLANEQUS,
ALKALTE PRINARY SALINITY 81,22 sorow 9.4 PPN
EARTHE SECONDARY Saninity [B.00 wvorosew suLripe less than 0.1 ppm
STRONG ACIDS FRIMARY ALKALINETY - EQUIVALENT SaLT 11003 poM
WEAK ACIDS SECONDARY ALkabiniry (L70  mEsisTiviTy # 778 (1,53 o.M,
co /s Mg = 3.43 CHLORINLTY Quan. [ e
CHLORIDE SALINITY SPECIFIC GRAVITY 1.004
SULPHATE SALINITY CARGOMATE /CHLONIDE #H
BEMARKS, Havk Z&Q&K&m CashigrBnstir
Potassium, K = 36 ppm * penme Ty
Iron, Fe = 17 ppm
Hote: The subject water contains 0,361
times the solids content of "normal sea water”.
Actual Chloride: 5819.8 ppm
ts,
ch%
o

BOVE Uneon AvENUE
WAKRREPIRLID . Oh DIBE

£l ﬂf'ﬂr

ARG NEFREVENTS *CoNCENT
BOE) IAE-TETS

Ll il

n A HATERY

’;;?’f

Groundwater analyses for the 48-9G in the lower Tulare interval
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Attention Mr. Jim White

GEOCHEMICAL ANALYSIS OF WAYER Pro-391

CITRTTE

::;; :: ;:::::“ ®ELL MO, 890 Tnt.. 1265"-1040' Flowline
d COMMANY i N ;
SAMPLED BY 5/23/78 rEto Williamg Bros. Enginsering Company
LAKUSATONY NG, 4042 IORE S . , +
ARALYST aurLE o abbing 5:25 pm form 900
BARICALS : e BRACTING YAMME . . BEACTING YALUE
MILLISRANSE PEN LITES TRUERALENTYE PEN WELLI BN FRRDERY
SO0 UM APotase ] v Wy +K 3264.2 Yal.92 39,54
CALLTuM [ 568, 28.40 7.91
MAGHESIUM "y 24.0 7.73 2,15
RAN UM ¥ less than 1.
BTRONT LUM i
Iron Pe 37.0 1.42 .40
BULPHATE S0, 2016. 42.0 11.70
CHLORIDE &t 4816.2 136,05 37.90
CARBONATE €8, - -
BICARBUNATE ﬁﬁ@‘ 8E. 6 1.43 .40
RYBRGKIOE o )
1GDIDE 3
SiLYCA 10, a0,
TROK, ALUMINA Ry,
ToTaL loosz, 358.8 Wwo.00
Ched U gmpgm
ALEALLS PREMARY BALINITY 78.08  sowon 6.0 »ou
EARTHE sECOMDARY SaLimiTy 20.12 wromoeew suiripe less than 0.1 ppm
STRONG ACIDS PRIMARY ALKALINITY - EQUIVALENT SALT 8970 prm
WEAK ACIDS SECONDANY ALKALIMITY U.80 wEstsTiviTY # 17%¢ 0.65 o.m,
G/ EamEms Mg = .67 ) CHLOMINETY 7945 spwm
CHLORIDE SALINGTY SPECIFIC GRANITY 3 _poy
BULPHATE SALINITY CARSONATE/CHLONIDE s 7 g
rask Encﬂm L c‘wm’¥'
Potassium, ¥ » 24 ppm 'f"' Jc“
Iron, Fo = 37
¢ pem BEST AVAILABLE IMAGE
Bote: The subject water contains 0.287
times the solids content of “normal sea water”.
e
X m:g,
o

B Lbondtonces

BOE LIDN AN
RAMEMRFUELES, A WRBUN

MO8 INBTLTH

A

Cislely
ARG NEPRESERTS *LowCEWTRATIgN oF

Groundwater analyses for the 48-9G in the lower Tulare interval
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T EERING AND LABORATORY. ™ "
CAT E. MAIN ST.. VENTURA, 2003
(6051 8531327

EEPORT OF GEOCHEMICAL ANALYSIS

WILliame }smmmma BNGINEERING 0D,
Well #%w iy ;

A%ty Ceorge Elledge

Willigrana Reacting
BADICALE Per Liter Value Per Cent
Sodiumy A.4. 2900 126,15 .
eale, F0hbo 152,24 Lo Bz

Potassiug bp.z .21 .37
Ampondun - - -
Caleium ' 375 18,71 5.78
Magnesiunm 2L 9.95% 3.07
Bazriunm TR 0.2 - -
Iron (total) 0.5 - -
Sulfate . wmwo - 570 11,64
Chloride baso 119,89 37,01
Hydroxide g ¢ . B
Carbonate o ¢ o
Bicarbomate 247 4,05 ©L.25
Borate : 2k G,31 @10
Silica 1 - -

* Organic Actds -
Salinity as Salt (WaCl) -
Tobal Solids 9926

. Specific Gravity @ 60° ¥
Resistivity 0, obm-cn @ *?50 7,

| pH Value 6.8
CHEMICAL CHARACTER
Frimary Salinity 82,98 - %
Secondary Salinity gz %
Primary Alkalinity 0 %
Secondary Alkalinity 270 ¢

*Inoluded in Blearbonstes

Groundwater analyses for the 48-9G in the lower Tulare interval
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e s g i g . 43', 9
T

GEOCHE. . AL ANALYSIS OF W ..ER Pro-39]

CATE OF REFORT < PELL wo. 45-9C 390 BRPD Upper Zone
DATE GF SAMPLING 7/14/78 COMPANY Willi ingineering
- CLLLEIG Brog. Engines »3
SAMPLED By : FIELD gineering Co.
LABORATORY WO, 5eez ZOME 585 £t 935 £p 3 g :
: 't Flowline Produc
ARALYST SAMPLE SOURCE cucing
BARICALS LARTS PER MILLION o BEMCTING YALUE  BEACTING YALUE
MILLISRANE FER LITER EOUTYALENTS »PEN MILLLOW PERCENTY
SUBTUMSPOtass i wm Weam 2010.0 7,39 97,89
CALCIUM s 310, 15.50 6. 73
MAGHES TUM g 150, 12.34 .
BAR UM %2 Jese thany, ’ 535
STRONT LU e
BULEFHATE S0, leog, 19, 48 17,14
EMLOR) BE €1 2584.9 73,02 31.68
CARBOMATE co, - - -
BECARBONATE HED, 166, 3 2.73 1.19
HYDROXEDE oM o
10B10E ¥
BILICR 510 .
L4 52.
ERON, ALUMINA LN 2.0
TOTAL TI6E, 30,5 L
GROUP CHEMICAL CHARACTER ~
ALNALTS PRIMARY SALINETY 75.84  sonon B2 PR
EARTHS SECONDARY SALINITY 21.78 WYDROGEN SULFIDE less than 0.1 prm
STHONG ACIDS FRINARY ALKALINITY - EQUIVALENT SaLT B050,3  PRM
WEAK ACIDS SECONDARY ALKALIRITY 2.38  RESISTIVITY #® 77%F 4 g7 o.M,
Ca S EARINS My = 1.26 CHLORIHLTY 4264 .4 Lid
CHLORIDE SALINITY SPECIFIC GRAVITY 4 o0
SULPHATE SALINITY CARBUMATE/CHLOREDE oHt 7.6 '

BEMKR 1K ’
BEMARKS . M ca:;'ng»umr

Potassium, ¥ = 17 ppm *+
Ivon, Pe = 1.3 ppm

Roter The subject water contains 0,208
times the solids content of normal sesn wabey,

Ry

[

&
Clalegr

%0
WO Losiianbe MBI ARC sErafsints “conconvmarigy of fhuiodkom dowiy s wares*
BAKERBPIELLE, LA $RIN (BUN LB YT * #» (:
& ™ B

-

Groundwater analyses for the 48-9G in the upper Tulare interval
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Rttention Mr. Ge--~e £1lkdge

4&9’9}

GEC__.éMCAL ANALYSIS OF WATER Pro-391

i

W

DATE OF REMONT il well wo.  48-0G Flowline Upper Zone
DATE OF SANMLING '15 pin comrawy Williams Bros. Engineering Co.
SAMFLED 8Y FLELD
LABORATORY MO. 6018 zong  Tulare Sand
AMALFST BAMPLE SOURCE
BADICGALE 1 REACT i . BEAL
WELLEGRAMSE PN LEYESR EHUEVALENTS $ER miLL TN FERCERY
santusiPotassium Me bl 2111.2 91.79 38,15
CaLClum Cx 340, 17.0 7.07
MAGRESIUM e 140, 11.51 4.78
BARiUM ¥+ less thanl.
STRONT L UM $r
BULPHATE 35‘ lg&a‘ 35‘.35 15 23
CHLORIDE (4 2776 }, 73 4 *
CARBONATE €0, b‘ &‘ i 32*59
BICARBONATE HED, ,
HYDROXIDE oH 166.3 2.73 1.13
TOBEBE ¥
SILICA $10, 44,
PRGN, ALUMINA Ry
TOTAL JA53, 2406 00,00
GROUE ,
ALKAL S PRIMARY SALINITY 76.30 sonown 9.4 pem
EARTHE SECONDARY BALINITY WYDROGEN suLripe 1858 than 0.1 1
4 ,
STRONG ACIDS FRIMARY ALEKALINITY ” sauivaLent sarr  B050 PPM
WEAK ACIDS BECONDARY ALKALINITY 7 2§ RESIsTivivy # 77vér (LO7 o.M,
CHLORINGETY 4579 M

Ch/ERmINE Mg = 1,48
CHLORIBE BALINITY
SULPHATE SALINITY

CARWOMATE /CHLORIDE ¥

SPECH GRAYEYY 1,070
recigig

BEMARKS

Potassium, K = 19 ppm
Tron, Fe = 0.12 ppin

Noter

The subject water contains 0.213

Wish ¥

+

times the solids content of “normal ses water®.

PAATERINL & SERVICE RELEARE/PECEIING

PROLEICTICNS wiiy
DLty woik

L]
CrEg

B Lisin AVRHOK

A Gk IO BEBIATY

ooty that off indigoied seeions [
mﬂwgfrzm @t for wll iy i,

Cielsgr

B MREDY

% %
ART WEPRESENTE TCOMCENTAMYION OF SOLIDE 1N woWekL L& WATERY

1{:;55;; GRAPH
LALEING WhLUE m;’:ngw

TN

e

0,

.

Groundwater analyses for the 48-9G in the upper Tulare interval
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358 LABORATORY SERVICES
SGEOOHEMICOAL WATER ANALYSILS

Distribution:
Lab files {original)
cWell filess Desvoene oo
Chevron engineerin
Radonna George

Dave Lefler
pan Scarberry

UD~-NPR #1,

ELE HILLS

Geochem Ho.
BSAMPLE DATE

" “SAMPLE LOCATION

SAMPLE SOURCE
SAMPLED BY -
REPORTED BY
REQUESTED BY

%
*
»
®
#
®

«
%
#
W

-
«

2880
11/28/81

45WE~18G
SOURCE WELL

OPERATOR

-

ED
HILT DREWBLOW

t:ﬁ#!&*ﬁﬁ*####ﬁ****%**#***##&*m#*#ﬂ#*#*ﬁﬁ****«“—ﬂ#?&*#A&**ﬁ«ﬂ**ﬁ&?&%#*’*#***m%*ﬁw#**w&#*m

MILLIGRAMS MILLIEQUIVALENTS PERCENT OF TOTAL

MILLIEQUIVALENTS

PALMER VALUES (%)
Primary Salinity:
Secondary Salinity:
Tertiary Salinity:
Primary Alkalinity:

(%) -

33.72
1.03
8.99
5,06
0.03
00&9

37.88
2.01 .

0.00
0.00

11.48

Secondary Alkalinity:

. COMSTITUEKTS
PER LITER PER LITER

{mg/l} {meg/l)
CATIONS : .
Sodium Na 1386, 60.3
Potazsium K 72.2 1.8
Calcium Ca 322. 16.1
Hagnesium Mg 110, 8,0
Barium Ba 3.8 G.06
Strontium o3 6.8 0.186
Iron Fe - 1.2
Silicon L5 27 .4
Boron . B 17.0
ANTONS
Chloride ol 2381, 67.2
picarbonate HOO3 220. 3.8
Carbonate co3 H.Ds WN.D.
Hydroxide oH K.D. N.D,
Sulfate 804 G986 . 20.5
Silica £i02 58.8
Borate BO3 92.58
Phosphate PO4 58.7
wH 1 7.7
Spec. Grav.{B07F) s 1,004
Calmeqg)/Mgimeq) H i.78
Hardness {(mg/l CaCO3} 1 1286,
Total Dis. Solidimg/l): 5600,

{From Spec. Grav.}
total Dis. Solidimg/li: 88688,
{From Analysis)

sum of Cations{meg/l} B87.4
Sum of Anjons {meg/l} : 91.3

AREEHERERKERR R R C R R RRR AR RERRRRRRF ARG
Kot Available

CHAA:

REMARES:

Form: 17-031 (8-10-89}

Tulare groundwater analyses for the 45SWS-18G

st

|
-

g

el

.‘\
i
i
I
>§

S— N

METHOD

Al
Ak
Ak
AA
AR
Ad
A4
A
Ad

Titr.
Tity.
Titr.
Titr.
Turb.
Cale,
Cale.
Color.

71.04
25.02
0.00
0.00
3.94

ERERAREREF LR RER RN AR AR R R R R RE LR RRE R E
H.D.: Not Detected
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GEOCHEMICAL WATER ANALYSIS

s

. - Y . h . s
W el :?” R S S T Y Wb d N * {;’”‘
aloeiey ) fiiid T e S enle
i -
i [N
) e oy o i e S e ! £
CR F AN H £ o i f“‘" g f/ 4 Wﬁ:ﬂ He it bt Fougldd i b ‘;,?:‘f‘”‘"}*
77

it A B T M B ) e \
oot 7025 2% 099,57 9. . Bolddleme/t 6;35’,; Palewr Unlue {3
Wapes, Gene, LACTED L0 G 10 ated T .
h B ; 5 E » LA fAT e oo . é} ? . (:}4
acsiziivitylan) LS50 =757F |11 2y00 | e 29.76
. - o o :

1#

’”‘ﬁ.f’f:%ﬁ T

nipd

15 TrLigry
Puom

"entidlme/1 Zalinity
£ Beran (nef1) 13.Crpanie aeid{mes/1} “anr{m g
p " e g . ! ap wtondery
Folvon {mpfi) .95 14, 0a/Me f’? {}ffg 